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. is believing in the treatment of 
vascular hypertension. Your own sphyg- 
momanometer shows what Hepvise can do 
in reducing blood pressure. 


Hepvisc is a synergistic combination of two 
useful hypotensive drugs; namely, hexani- 
trate of mannitol and viscum album extract. 
Clinical studies and also pharmacological 
tests on cats show substantial reductions of 
blood pressure with its use. 
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Hypertensive headaches are relieved by 
Hepvisc. 
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mg. hexanitrate of 
mannitol and 50 mg, 
solid extract viscum al- 


bum. 
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50-500-1000 tablets. 


Complete Literature and Professional Samples Sent upon Request 


75 VARICK STREET, NEW YORK 13, N. Y. 


in t 
lin 
pati 
ilis 
tact 
relu 
cida 
ind 
and 
too 
calle 
Cari 
why 
pre ! 
bisn 
ing 

| 
Do}! 
pat 


Gra 

1948 
TI 

Bee 


Ve 


f 4 
Fre 
e 
\ 
pn 
- gat OF | 
ANGLO - FRENCH LABORATORIES, INC. 
} 


THE AMERICAN JOURNAL OF THE 


MEDICAL 


MAY, 


ORIGINAL 


SCIENCES 


1949 


ARTICLES 


OBSERVATIONS ON PENICILLIN-TREATED CARDIOVASCULAR 
SYPHILIS*® 


By JosePH EpDEIKEN, M.D. 


MorTIMER S. 


PHILADELPHIA, 


Fark, M.D. 


PENNSYLVANIA 


AND 
Howarp P. STeicER, M.D. 


CHARLOTTE 


NORTH 


CAROLINA 


n the Institute for the Study of Venereal Disease, the Department of Dermatology and 


Syphilology, and the Robinette Foundation of the University of Pennsylvania) 


THERE have been only a few reports 
in the literature on the effect of penicil- 
lin in a significantly large number of 
patients with late cardiovascular syph- 
lis. An important reason for this is the 
fact that many clinicians have been 
reluctant to use so potent a spirocheti- 
cidal agent in patients with syphilitic 
heart disease because of the fear of 
inducing a serious Herxheimer reaction 
of the possibility of 
resulting in the so- 
called therapeutic paradox. This is a 


and also because 
too rapid healing 


carry-over from the pre-penicillin davs 
when it was the rule in most clinics to 
prepare all patients with cardiovascular 
syphilis with a preliminary course of 
bismuth or mercury before administer- 


the more potent arsenicals. 
Kather early in the penicillin era 


Dolkart and Schwemlein*® described 2 
patients with aortic regurgitation who 
sented at a Symposium held under the 
Gra ind Fellowships, National Institute of Health, U. 


Ausnices of the Syphilis Study 


experienced untoward reactions while 
under penicillin therapy. One of the 
patients developed severe attacks of 
angina and _ ventricular extrasystoles 
soon after treatment was started. The 
second experienced intermittent sub- 
sternal pain after 700,000 units of pen- 
icillin. Callaway and his group’ re- 
ported as a_ possible illustration of 
therapeutic paradox, a patient who suf- 
fered the rupture of an aortic cusp sev- 
eral weeks after completion of penicil- 
lin therapy. 

Moore, in his recent monograph," 
reported on 12 cases of active cardio- 
vascular syphilis which had been treat- 
ed with penicillin at the Johns Hop- 
kins Hospital. These patients had aortic 
regurgitation, aneurysm, or syphilitic 
aortitis with coronary osteal stenosis 
and angina of effort. Six of the patients 
also had neurosyphilis. In each case 
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penicillin was started in very small dos- 
age and then gradually increased over 
period of days in an effort to avoid 

Herxheimer reaction. There was one 
possible instance of therapeutic shock 
in this series of cases. This was in a 
patient who died on the fourth day of 
combined fever (malaria) and penicil- 
lin therapy. The autopsy revealed mul- 
tiple plaques of syphilitic aortitis with 
fresh hemorrhages. The period of post- 
treatment obse vation in Moore’s cases 
was too short to report on the thera- 
peutic effect. One of the patients with 

large aneurysm of the thoracic aorta 
died of rupture of the aneurysm 6 
months after completion of treatment. 

There is some doubt now that reduc- 
ing the initial penicillin dosages actu- 
ally prevents the occurrence of Herx- 
heimer reactions since they have been 
Olan- 
sky* recently reported on 6 patients 
(4 infectious syphilis and 2 late syph- 
ilis) in each of whom initial injections 
of 1,000 Oxford units of penicillin pro- 
duced a febrile Herxheimer reaction. 
Incidentally, in this report Olansky re- 
iterates the belief that penicillin even 
in small doses should not be adminis- 
tered to patients with late or compli- 
cated syphilis until a course of bismuth 
given. Stokes and Steiger™ 
found that a reduction of the initial 
dosage to 500 units in early infectious 
syphilis was not sufficient to prevent 
Herxheimer reactions. 

Russek and his co-workers!® treated 
15 patients with syphilitic aortitis, in- 
cluding 4 cases of aortic aneurysm, 
with relatively large doses of pe nicillin 
—40,000 units every 2 hours for 85 
doses. Their paper deals principally 
with the incidence of reactions; the fol- 
low-up period of 1 to 3 months was too 
short to evaluate the efficacy of the 
treatment. Only 1 patient suffered an 
untoward reaction which might have 
been attributed to penicillin—relatively 
mild substernal pain which disappeare d 


observed following small doses. 


has been 
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despite continuance of penicillin. In 4 
patients it was felt that there was defi 
nite improvement in coronary reserv 
manifested by substerna!| 
pain on exertion. Electrocardiographi: 
improvement did not occur. Thess 
workers conclude, on the basis of thes: 
observations, that the risk of untoward 
reactions from penicillin in cardiovas 
cular syphilis is small. They also main 
tain that the small risk entailed ma‘ 
be justified by the therapeutic results 
obtained. 

Tucker and recenth 
reviewed 34 cardiovasculai 
syphilis which were treated with pen 
icillin: 25 had aortic insufficiency and 
9 had saccular (thoracic ) aneu 
rysms. These patients were sti irted « 
treatment with dosages ranging tes 
500 to 100.000 Oxford 
hours. The total dosages varied from 2 
million to 15 million Oxford units. Five 
of the patients experienced febrile re- 
actions early in the course of treatment 
after an initial dose of 
only 500 units ), and 2 patients who had 
been having anginal attacks continued 
to have them during and following th 
administration of penicillin. In no case 
was it felt necessary to interrupt the 
penicillin therapy. The authors postu- 
late that the febrile reactions which oc- 
curred in their cases may have been 
related to the concomitant neurosyph- 
ilis which each of these patients had 
They conclude: “The absence of re- 
ported severe reactions proved to b 
due to treatment with penicillin tends 
to confirm our impressions that the 
dangers of severe untoward reactions 
may have been unduly emphasized.’ 

Method of Study This report is based or 
a study of 50 patients with cardiovascular 
svphilis who were admitted to the Institut 
for the Study of Venereal Disease betweer 
1943 and 1948 (Table 1.) 

In the beginning cardiac studies included 

physical examination, orthodiagram, and 4 
pre-penicillin electrocardiogram. Later, w/ien 
it was found that in patients with early in- 
fectious 


decrease of 


Farmer!” have 


cases of 


aortic 


units every 3 


(one of these 


syphilis there were electrocardio 
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raphic abnormalities which showed changes 
turing penicillin therapy, it was decided to 
ive the records repeated at approximately 

day intervals during the course of treat- 
ient to determine if changes also occur in 
ite cardiovascular syphilis. Six patients in 
ongestive failure were under digitalis during 
he course of penicillin therapy; this was con- 
idered in interpreting their electrocardio- 
VTalls 

Forty of the 50 patients had _ received 
chemotherapy previously. However, 
iost of them had received no antisyphilitic 
treatment for several years and only 4 pa- 
tients in the entire group had had any treat- 
ent within a period of 3 months prior to 
the administration of penicillin. 


some 15 of the patients were started with 
doses of 40,000 to 80,000 Oxford units every 
2 hours. 

Results. Aorritis. There were 23 pa- 
tients with uncomplicated syphilitic 
aortitis. We are cognizant of the fact 
that the clinical diagnosis of uncompli- 
cated syphilitic aortitis is often a very 
difficult one, especially in the presence 
of hypertension and, or, arterioscle- 
rosis. However, only those patients in 
whom the evidence for aortitis (espe- 
cially fluoroscopic ) was marked were 
included in the study. 


rABLE 1.—DATA PERTAINING TO 50 PATIENTS WITH CARDIOVASCULAR 
SYPHILIS 
Treat- 
No. of patients ment 
on whom ECG were made Thera- stop- 
Ht. Car- Before During peutic ped be- 
enlarge diac Abnor- ECG After® shock cause of 
No Sex Race or symp- Ttl. mal Ttl Chan- Ttl. (Herx- symp- 
Cases Age M |! W N hypert. toms No. ECG No. ges No. heimer) toms 
\ortitis 23 26to 15 8 1I3 10 9 2 23 6(a) 1] 3 16 4(b) 0 
69 
\ortic 
nsuff. 20 38to 19 1 12 8 18 8(c)20 11 13 2 13 3(d) 0 
66 
Aneurysm 5 47to 4 1 23 3 2 5 l(e) = ] } 1?(f) 0) 
67 
\neurysm 
aortic re 
suff 2 43to 20 1] 0 2(g) 2 l 2 2 l 1?(h) 0 


69 
1) Probable ancient posterior infarction in one. 
All febrile 
Marked congestive failure in five. 
d) All febrile 
History of posterior infarction in one. 


f) Precordial constriction on third day of treatment. 
g) Congestive failure in one. 
h) Had recurrent attack of cardiac asthma on third day. 


ECG changes not listed as they are still being followed up. 


\ll of the patients were given sodium peni- 
n in aqueous solution on a round-the- 
k schedule. In the early days the crude 
phous substance was used and, when 
ecame available, crystalline penicillin-G. 
total penicillin dosages ranged from 
10,000 to 9,600,000 Oxford units. At first, 
patients with cardiovascular syphilis were 
d on small doses (500 to 5,000 units 
three hours for the first 24 to 48 hours ) 
gradually increased over a period of sev- 
days until a dose of 40,000 to 80,000 
rd units every 2 or 3 hours was reached. 
when it was found that reducing the 
dosage did not necessarily prevent 

th occurrence of a Herxheimer reaction®.11 


These patients ranged in age from 
26 vears to 69 years. The sex and race 
distribution were as follows: 10 white 
males, 3 white females, 5 Negro males, 
and 5 Negro females. Eighteen of the 
patients also had central nervous sys- 
tem syphilis, 1 had a gumma of the lip, 
and 1 had diabetes mellitus. At the 
time penicillin treatment was instituted 
21 of the 23 patients had positive blood 
serologic tests for syphilis. 

The initial penicillin doses ranged 
from 500 to 80,000 units and the total 
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dosages 
Oxtord units. 


perienced 
penicillin therapy; they had complained 
of paroxysmal dyspnea. 
tound 
ment 
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trom 1,200,000 to 9,600,000 


Only 2 of the 23 
cardiac pt een prior to 


patients had ex- 


Fight 
enlarge- 


were 


slight cardiac 
enlargement. 


to have 


and | moderate 
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tients completed the prescribed cours 
without further untoward reactions. 
Six of the group with simple aortitis 
had electrocardiographic changes be 
fore penicillin. Five showed abnormal! 
T waves in the limb and chest leads 
In 1 patient the T waves in Lead I and 
Il, CR, and CR; 


were inverted; in 


en | 


| | 


A\ 


FIGURE 1.—COLORED MAN, AGE 
A. Record made 4-23-47, before penicillin. 


38, WITH DEFINITE 


EVIDENCE OF AORTITI 


B 1-26-47 after approximately 1.5 million units of penicillin. 


C. 4-29-47 
to C 
D 1-3-48 Eight months after penic illin. 


Four patients experienced transient 
temperature rises within 24 hours after 
penicillin therapy was started. These 
were interpreted as evidence of Herx- 
heimer reactions. However, in no case 
was treatment interrupted and all pa- 


after 4.2 million units of penicillin. 


An ECG 


An electrocardiograim on 5-2-47 was simi 


on 4-3-48 was similar to D 


patients the T waves were flat in Lea 
I, inverted in IIT and III and abnorm 


in CR, and CR;; in the fourth the 
waves were inverted in II and III, 
phasic in CR23, and flat in CR;; in 
remaining case there were flat T wa 


I 
| il 
| | 
| WI 
| We 
ple 
ele 
| 
| j | | tol 
OT; 
\ 
| 1) 
| ran 
rh 
toll 
| | j | 
aort 
| 
ie, © h 
but 
und 
|. 
T 


PENICILLIN-TREATED CARDIOVASCULAR SYPHILIS 179 


n Leads | and CR;. The sixth abnormal 


electrocardiogram had deep Q waves 


in Leads IL and III, which suggested 
healed posterior infarction. In 3 of 
the 5 cases showing pre-penicillin T 
wave changes, electrocardiograms were 
made during treatment; 2 showed tem- 
porary improvement in T waves, but 
ater retrogressed to the pre-penicillin 
state. The other patient had marked T 
wave changes before treatment, im- 
proved considerably during treatment 
ind continued to show improvement | 
year later (Fig. 1). One patient in 
whom pre-penicillin electrocardiograms 
were abnormal (T wave changes) had 
| normal tracing 4 months after com- 
pletion of treatment. Unfortunately, 
electrocardiograms. were not made dur- 
ing treatment. 

One patient developed angina pec- 
toris, with concomitant electrocardio- 
graphic changes ten months after pen- 
icillin. 

\ortTIC INSUFFICIENCY. 
20 patients with aortic 


‘ > 
ranging in age 


There were 
insufficiency 
from 39 to 66 years. 
The sex and race distribution were as 
follows: 11 white males, 8 Negro males, 
| white female. Eighteen also had cen- 
tral nervous system syphilis. All had 


positive blood serologic tests for sy ph- 


ilis 


\lthough it has been known that 
aortitis and its complications are more 
common in males, the ratio of 19 males 
to 1 female in our series is unusually 
high. This is not the result of selection, 
but actually represents all the individ- 
uals with aortic regurgitation who cam> 
under our observation. 
he initial and total penicillin dos- 
s were the same as those used in 
omplicated aortitis. 
nly 3 patients in this group experi- 
d temperature elevations (all 
within the first 16 hours) after treat- 
ment was started, and all completed 
the prescribed course of therapy. 

ght of the patients had experienced 


cardiac symptoms prior to penicillin 
therapy. Three had dyspnea on exer- 
tion, and angina pectoris; 1 had an old 
coronary occlusion. Five of the patients 
were in congestive failure and required 
bed rest, digitalis, ammonium chloride, 
and mercurial diuretics. It is of interest 
that each of these individuals was 
given penicillin concomitantly with the 
measures to correct cardiac decompe n- 
sation and all of them left the hospital 
in an improved condition. Although 
this is admittedly too small a group 
upon which to base definite conclu- 
sions, it suggests that penicillin treat- 
ment of cardiovascular syphilis need 
not be delayed because of cardiac de- 
compensation. 

Eighteen of the 20 patients had en- 
larged hearts. In the 2 whose cardiac 
silhouettes were within normal limits 
of size the configuration suggested left 
ventricular hype trophy. 

In the group of 20 cases of aortic 
regurgitation, 10 showed significant T 
wave inversions and 2 had _ bundle 
branch block before treatment. Inci- 
dentally, 1 of the patients with inverted 
T waves also had auricular fibrillation; 
only important arrhythmia 

the entire group of 50 cases. In 
T, and the T waves of 
were inverted or diphasic; in 4, T: was 
also diphasic or inverted and in 2 the 
T waves of all limb leads were inverted. 
Of the cases with bundle branch block, 
1 had right bundle branch block (with 
wide S waves), the T waves in Leads 
Il and III were inverted and the T 
waves in Leads CRs, CRy, and CR; were 
diphasic. The other showed left bundle 
branch block of the discordant type. 
One of the patients with T wave changes 
showed slight electrocardiographic im- 
provement during treatment; subse- 
quently however, the T wave changes 
became more marked. Another patient 
who had slight electrocardiographic 
changes before treatment developed 
inverted T waves in Leads I, II, and 


III, and abnormal T waves in CR, and 
CR; during his course of penicillin. A 
follow-up electrocardiogram made 3 
months atter treatment showed consid- 
erable improvement although the trac- 
ing was not normal. Still another pa- 
tient (Fig. 2) abnormal T 


showed 
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waves betore treatment and 
improvement 5 months later; this wa 
also associated with definite improve 
ment in his general condition. 

Aortic ANEURYSM. There were 5 pa 


marked 


tients with aortic aneurysm ranging 1 


age from 47 to 69 years. The distribu 


I al 


FIGURE 2 


WHITE MAN, AGE 53, WITH SYPHILITIC AORTIC REGURGITATION AN 


MODERATE CARDIAC ENLARGEMENT 


\. Record made 12-8-45, before penicillin. 


B. 5-11-46 after 2,400,000 units penicillin. Electrocardiograms made 4-4-47 and 6 


were similar to B. 
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tion by sex and race was as follows: 
2 white males, 2 Negro males, and 1 
Negro female. One patient in the group 
had central nervous system syphilis. 
\ll had_ positive blood se rologic tests 
for syphilis. 

The initial penicillin dosages ranged 
trom 500 to 80,000 Oxford units and 
the total dosages from 3,600,000 to 9,- 
600.000 units. 

None of the patients experienced 
febrile reaction during treatment. A 54 
vear old Negro female complained of 
slight precordial constriction for sev- 
eral hours on the third day of treat- 
ment. According to her history she had 
experienced no cardiac symptoms prior 
to the administration of penicillin. She 
completed the course of treatment with- 
out interruption of the schedule. 

Three of the 5 patients with aneu- 
rysms had enlarged hearts. One patient 
in the group, who also had hyperten- 
sion. showed an abnormal electrocar- 
diogram in which there were inverted 
l waves in Leads II and III and flat T 
These changes became 
nore marked during treatment and 
have remained so on follow-up, but 
they were probably in part due to 
digitalis. 

\ortTic ANEURYSM AND Aortic RE- 
GURGITATION. There were 2 patients 
with both aortic aneurysm and aortic 
insufficiency. One was a 43 year old 
white male, the other a 69 year old 
Negro male. The former also had cen- 
tral nervous system syphilis with a Type 
IT spinal fluid. Both had positive blood 


ts. 


waves in CR.:. 


lhe older man was admitted to the 
pital in marked cardiac failure. 
here was no definite history of pre- 
us antisyphilitic treatment. His fail- 
had been progressive over a period 
bout 4 years. Penicillin was started 
mall doses (500 units) on a 2 hour 
dule. He had no untoward reac- 

until] the third day of treatment, 
When maximum dosage was reached 


(40,000 units every 2 hours). He then 
experienced an attack of severe sub- 
sternal oppression and dyspnea similar 
to those he had on frequent occasions 
before treatment. Penicillin dosage was 
reduced from 40,000 to 10,000 Oxford 
units every 2 hours for the next 48 
hours and then increased again to 40,- 
000 units every 2 hours; the patient 
completed a course of 4,800,000 Oxford 
units without further untoward reac- 
tions. His pre-treatment electrocardio- 
gram revealed flat T waves in the limb 
leads and slight inversion in CRs 
There was slight improvement in the 
electrocardiograms made on the third 
and thirteenth days of treatment. On 
tollow-up 4 months after treatment he 
felt much improved and had _ experi- 
enced only 2 slight attacks of dyspnea. 
Examination disclosed no signs of con- 
gestive failure. 

The other patient had experienced 
dyspnea on exertion and_ precordial 
pain before treatment. He denied hav- 
ing received previous antisyphilitic 
therapy. Examination revealed aortic 
svstolic and diastolic murmurs, dilata- 
tion of the ascending aorta evident on 
percussion and confirmed by orthodia- 
gram. He was given a total of 2.4 mil- 
lion units of penicillin starting with 
5,000 units every 3 hours and reaching 
a maximum dosage of 40,000 units 
every 3 hours after 36 hours. The pre- 
penicillin electrocardiogram nor- 
mal. There were no untoward reac- 
tions to treatment. He was re-treated 
6 months later and this time received 
2.4 million units of penicillin starting 
with the maximum dose of 40,000 units 
every 3 hours. An electrocardiogram 
made the day treatment was begun, 
showed slight T wave changes. On the 
second day the electrocardiogram 
showed inversion of T. and T., and 
slurring of the QRS complexes; by the 
fifth day the inversion was only slight; 
and on the last day the electrocardio- 
gram was normal. Electrocardiograms 


2) 


{4 and 6% months later were also 
normal. 

Comment. In no instance did we find 
it necessary completely to interrupt 
treatment because of untoward reac- 
tions. One patient who had an aneu- 
rysm and aortic regurgitation suftered 
an attack of cardiac asthma during 
treatment, but he had experienced sim- 
ilar attacks before penicillin. Another 
patient with aortic aneurysm developed 
slight precordial constriction on the 
third day of treatment, but the symp- 
toms were not entirely typical of angina 
pectoris. 

The lack of untoward symptoms in 
patients with severe myocardial lesions 
is most noteworthy. Two patients with 
probable ancient posterior infarctions 
experienced ne untoward reaction to 
penicillin therapy. Five patients with 
aortic regurgitation and one with aortic 
regurgitation and aneurysm who were 
in marked cardiac failure were treated 
with penicillin at the same time meas- 
ures were taken to combat congestive 
tailure; not only did they tolerate both 
treatments very well, but all were 
markedly improved on discharge. This 
is contrary to the accepted belief that 
patients with cardiovascular syphilis in 
cardiac failure do not tolerate potent 
spirocheticidal drugs. 

In the pre-penicillin era both cardi- 
ologists and syphilologists were of the 
opinion that antisyphilitic treatment 
should be postponed in cases of con- 
gestive failure until compensation was 
restored. Although this is too small a 
group on which to base definite con- 
clusions, our observations suggest that 
congestive failure in syphilitic heart 
disease may not be a contraindication 
to immediate penicillin therapy. 

No clear-cut case of therapeutic 
paradox was observed in this series of 
patients. As stated previously, the fear 
of this phenomenon has _ influenced 


clinicians to treat cardiovascular syph- 
ilis very cautiously. In the era of metal 
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chemotherapy full doses of arsenicals 
were often never given. One might 
raise the question whether this did not 
result in too little treatment. It is most 
difficult to evaluate symptoms in a con- 
dition where the pathologic changes 
are such that untoward symptoms are 
prone to occur with or without treat- 
ment. Arteriosclerosis is not infrequent 
in individuals with syphilitic aortitis. 
It is conceivable that coronary occlu- 
sion occurring during the course of 
antisyphilitic treatment is not due to 
the so-called therapeutic paradox, but 
sclerotic coronary vessel or ostium. 
to the coincident closure of an arterio- 
Sudden death in syphilitic aortitis and 
spontaneous rupture of an aneurysm 
cannot be considered unusual with o1 
without treatment. Therefore, the ap- 
pearance of severe symptoms during 
treatment does not per se indict the 
treatment as the cause. 

It is well known that T wave changes 
may be due to numerous factors other 
than heart disease, but to the best of 
our knowledge, with the exception of 
digitalis in the decompensated cases 
such factors were not operative during 
this study. The effects of digitalis wer 
considered in the interpretation of the 
electrocardiograms. T wave and RS-1 
segment changes may occur in a small 
percentage of normal young individuals 
In 3107 such cases*:!* only 15 (0.5% 
showed T wave changes in Lead II 
and in none was the T wave in Lead | 
inverted. In Wood, Wolferth and Mill 
ers'! studies of an older age group in 
verted T waves in Leads I and II wer 
associated with cardiovascular diseas 
in all cases followed. In our group o! 
50 patients only 7 (14%) were und 
the age of forty. 

Although a fairly large percentag 
(30%) of our cases showed electri 
cardiographic abnormalities either b: 
fore, during, or after treatment wit) 
penicillin, one cannot conclude that 
they were all directly or solely due 
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the syphilitic infection. Arteriosclerosis 
undoubtedly was present in many pa- 
tients in the upper age groups, and in 
others, especially those with aortic re- 
ECG abnormalities 
were in part at least of the type seen 
in lett ventricular Con- 
versely, the changes in the waves 
which occurred as the result A treat- 
ment with penicillin cannot be con- 
strued as due to alterations in 
state or the left 
ventricular hypertrophy due to dam- 
aged aortic valves. Webster and Read- 
er'® demonstrated at autopsy, active 
inflammation in the aortas of inade- 
quately treated patients with syphilitic 
aortitis. Hu, Lin, Chen, and Frazier® 
reported the isolation of virulent Tre- 
pallidum from the aortas of 
dying from cardiovascular 
32 hours after death. In view 
4! these findings, one may speculate 
that changes within actively involved 
tissue about the orifices of the coronary 
essels may be responsible for electro- 
cardiographic abnormalities during and 
following treatment with such a potent 
pirocheticidal agent as penicillin. Be- 
use of the great differences of opin- 
pathologists' as to the 
nterpretation of myocardial scars and 
mall cellular foci found at postmortem 
amination of patients with cardiovas- 
ilar syphilis, it is impossible to form 
opinion as to whether any of the 
mormalities are due to syphilitic in- 
Ivement of the myocardium. The 
ssibility that there may be changes 
chemical constituents of the blood 
ring penicillin therapy which may 
wave changes must also be 
considered, although we are not aware 
iny studies on this subject. 
here are clear indications that pen- 
lin is of value in the treatment of 
hilitic heart disease, especially in pa- 
ts where the pathologic process is 
far advanced. However, it would 
unwise to draw too sweeping or 
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definite conclusions concerning indi- 
vidual items of beneficial eftect at 
this writing. Prolonged observation of 
a larger group of cases is needed. The 
tact that the course of syphilitic heart 
disease is variable and often unpredict- 
able was borne out in a recent report 
by Reader and his associates.” 

We are continuing to re-examine the 
patients at intervals and intend to re- 
port their status at some future date. 

Summary. |. Fifty patients with car- 
diovascular syphilis were treated with 
sodium penicillin in aqueous solution in 
total dosages ranging from 1.2 to 9.6 
million Oxtord units. Only 4 patients 
in the series had received metal chemo- 
therapy within a 3 month period prior 
to penicillin. There were 23 diagnosed 
uncomplicated aortitis, 20 with aortic 
insufficiency, 5 with aortic aneurysms, 
and 2 with both aneurysms and aortic 
insufficiency. 

There appeared to be no relation- 
ship between the amount of penicillin 
in the initial dose and the occurrence 
ot a febrile Herxheimer reaction. 

3. More than half of the patients** 
had electrocardiograms at approxi- 
mately 3 day intervals during the 
course of treatment. Electrocardio- 
graphic changes (significant T wave 
changes ) were noted during the course 
of treatment in 8 patients. 

4. In no instance was it deemed 
necessary to discontinue penicillin be- 
‘ause of untoward reactions. 

5. The 6 patients who were in con- 
ge stive failure were able to tolerate 
penicillin simultane ‘ously with the meas- 
ures for counteracting ‘cardiac decom- 
pensation. Thus, contrary to the here- 
totore accepted practice of giving no 
potent spirocheticidal drug to decom- 
pensated cardiovascular syphilis pa- 
tients, it does not seem necessary to 
delay penicillin treatment until com- 
pensation is restored. 

6. There has been no unequivocal 
instance of “therapeutic paradox” in 
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this series during the period of obser- 7. ‘lhe material thus tar studied in- 
vation, though sufficient time has not dicates that penicillin is a valuable 
yet elapsed to warrant drawing defi- agent in the treatment of syphilitic 
nite conclusions. heart disease. 
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THe therapy of subacute bacterial 
endocarditis has always presented a 
challenge to the physician, and it is 
only since the introduction of penicillin 
that anything approaching encouraging 
mortality statistics has been achieved. 
In Table 1 the relative effectiveness of 
the various therapeutic methods that 
preceded the antibiotics is compared 
with penicillin. 


\BLE 1.-RESULTS OF DRUG THERAPY O} 
SUBACUTE BACTERIAL ENDOCARDITIS 
Method Recoveries 
Spontaneous l- 3 
Sulfonamides 3.4%6.11 
Sulfonamides plus Fever 12.1%3 
Sulfonamides plus Heparin 23.3%3 
Massive I. V. Sulfadiazine 37.5% 
Penicillin 70-80 


Although the sulfonamides appreci- 
ibly raised the incidence of cures, their 
se entailed a high treatment fatality 
sk. Schein and Baehr,"! in their report 
{ sulfadiazine therapy, listed a 67% 
iortality due to treatment. The use of 
eparin, thought to be warranted bv 
me investigators as an adjunct to the 

lfonamides by allowing increased 

netration of the fibrin clot, is in itself 
it without danger from hemorrhagic 
mplications. 

['wenty-four cases of subacute bac- 
rial endocarditis (including 2 of sub- 

ite bacterial endarteritis ) have been 

ited with penicillin at the Henry 
Ford Hospital since 1944. Due to the 

rcity of the drug during the early 
period, several of these cannot be 
thought to have been treated ade- 
quately by present standards. A review 
of the literature on penicillin treatment 
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Henry Ford Hospital) 


in various clinics reveals considerable 
variation in daily dosage, method of 
administration, and duration of ther- 
apy. Only after a larger number of 
penicillin-treated cases have been re- 
ported and analyzed, can criteria for 
effective management be established. 
Age, Sex, and Cardiac Lesion. 
Twelve of our cases were males and 
1l were females. The _ distribution 
throughout the various age groupings 
is found in Table 2. Three cases under 
20 years of age had congenital cardiac 
lesions, 2 having patent ductus arteri- 
osus with superimposed infection and 
the third a patent interventricular sep- 
tum. The remaining 20 cases were of 
rheumatic etiology; 13 involving the 
mitral valve alone, 2 the aortic valve 
alone, and 5 combined involvement of 
both mitral and aortic valves. 
rABLE 2.—AGI 
Age Grouping 
10-19 
30-39 
10-49 
50-59 
Over 60 


DISTRIBUTION 
No. of Cases 


At autopsy one case (No. 20, Table 
8) was found to have a bicuspid aortic 
valve, but this was taken to be due to 
erosion and secondary separation of the 
valve attachments from the commis- 
sures rather than a congenital defect. 
Three of our cases manifested auricular 
fibrillation at the time of diagnosis (in- 
cidence of 12.5%). 

Table 3 shows the length of time 
that symptoms had been present before 
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a definite diagnosis of subacute bacte- 
rial endocarditis was made. Because of 
its insidious onset and protean charac- 
ter, the disease frequently remains un- 
recognized for long periods and is often 
misdiagnosed during the early stages. 
The frequency of presenting symptoms 
corresponded, in the main, with a pre- 
vious series reported from this hospital 


and with those from other clinics.*:!” 


DURATION OF SYMPTOMS PRIOR 
DIAGNOSIS 
No. of Case 
Less thai weeks 
} weeks to 3 months 
t months to 6 months 6 
; months to 1 vear 6 


Organisms Sensitivity. (See 


Table 4). In 2 of our cases, both aero- 
bic and anerobic blood cultures were 
repeatedly negative. In both instances 


the history, clinical findings, and sub- 


TABLE 4.—BACTERIA FOUND AND 


Ne culture 

Strep. viridan 

Nor emolvtic strep 
Stapl iureus 

na ( Staph albus 


sequent course confirmed the diagnosis 
Unfortu- 
nately, arterial punctures were not 
done; possibly they would have yielded 
the desired information. 


bevond a reasonable doubt. 


Sensitivity to penicillin in vitro was 
determined in all but 6 cases. Of the 
more highly sensitive group (.005 units 
per ce. to .05 units per cc.) involving 
15 cases, there was only one death, 


showing that there tends to be a prac- 
tical relationship between organism 
sensitivity and therapeutic results. In 
one case (No. 20, see Table 8) the 
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organism was not inhibited by 50 units 
per cc. of penicillin but was inhibited 
by 20 units per cc. of streptomycin. 
Dosage, Duration of Therapy, and 
Mode of Administration. The total dos- 
age of penicillin varied from 1,800,000 
units to 194,000,000 units (average, 
26,900,000 units The average daily 
dose was 800,000 units. Duration of 
therapy varied from 16 to 97 days 
(average, 34.5 days). The wide varia- 
tion in dosage and length of treatment 
was influenced partly by the respons 
to therapy in each case and partly by 
the scarcity of penicillin during the 
early part of the series. 
Various routes of administration 
with the exception of the oral, wer 
used (see Table 5), and in many in 
stances 2 or more routes were tried in 
the same patient. In many cases th 


THEIR SENSITIVITY TO PENICILLIN 


9 2 
18 005 
05 4 
25 l 
Not inhibited by 50 l 
Not done 5 
005 2 
05 l 
Not done 


continuous intravenous method w 
employed initially, to be replaced lati 
by the intermittent intramuscular rout 
due to the development of thromb« 
phlebitis at the site of injection, despi 
the use of small amounts of heparin 
the vehicle.° 

Results. Of the 23 patients, 5 a 
dead; the 18 alive are free from e 
dence of infection with subsequent 
periods of observation varying from 5 
months to 4 vears. 

\ patient ‘was regarded as having 
relapsed when he was found to show 


¢ 

I 

{ 

£ 

3 


DRAKE, DENHAM: 


TABLE 5.—-MODE OF 


SUBACUTE 


BACTERIAL ENDOCARDITIS 


ADMINISTRATION 


Route No. of Cases 
Continuous Intravenous 
Intermittent Intramuscular 4 
Contin. Intrav. + Intermittent Intramusce. 10 
Contin. Intravenous + Contin. Intramusc. l 
Intermit. Intramusc. + Penic. in Wax l 


ABLE 6.-DURATION OF CLINICAL OBSERVA- 
ON FOLLOWING CESSATION OF THERAPY 


Length of Observation No. of Cases 
Less than 6 months ] 
6 to 12 months 7 

to 2 vears 5 

to 3 vear , 

to 4 years ) 


evidence of recurrent intection includ- 
ing a positive blood culture at any time 
within | year from the date of the ces- 
sation of treatment.* This occurred in 
6 of our cases (as shown in Table 7) 
with eventual death in 4. One patient 
Cases 16 and 17, see Table 8) had a 
re-infection 14 months following his 
lirst episode. On both occasions the 
organism was streptococcus viridans, 
but unfortunately no tests for penicillin 
sensitivity were made. Each time the 
clinical response to the drug was satis- 
factory. In the interval between infec- 
tions the patient had an episode of 
fever and joint distress with negative 
blood cultures that responded promptly 
to the administration of salicylates and 
was considered to be acute rheumatic 
re 


Deaths. Death occurred in 5 of our 
patients, 4 of whom had suffered one 
or more clinical relapses as shown 
above (Table 7). In 3 cases death was 
directly attributable to cardiac failure 
(Cases 6, 8, 20, see Table 8) and in 
one to infection plus cardiac failure 
(Case 5). In the remaining fatality 
(Case 7) death followed a subarach- 
noid hemorrhage. 

Other Therapeutic Measures. Sul- 
fonamides were employed in varying 
dosage in § cases. From a review of the 
case records the indications for the ad- 
dition of this medication were not al- 
wavs obvious. In some of these cases 
the drug was not administered in ade- 
anate therapeutic dosage and its effect- 
iveness was always difficult to evaluate. 

In the 2 cases of bacterial endarter- 
itis a patent ductus arteriosus was 
successfully ligated during the course 
of penicillin therapy. 

Because of the extreme resistance of 
the organism (Strep. viridans) to peni- 
cillin in Case 20 (Table 8), strepto- 
mycin was administered in a dosage of 


FABLE 7.—-RELAPSES 
Ni Months Total 
N Relapse Duration Organism Dosage Route t End Result 
of Disease Units in millions 
7 5 12 strep Dead. 
viridans 194. CIV-IM Subarachnoid Hemorrhage 
6 9 1's strep. Dead. 
viridans 1.8 CIV-IM = Cardiac failure 
0 7 strep. Dead. 
viridans CIV-IM Cardiac failure 
8 | 17 strep. Dead. 
viridans 36. CIV Cardiac failure 
l l 8 non-hem. Well. 
strep. 9. CIV 36 months 
strep. Well. 
viridans 16. IM 13 months 


[V—Continuous intravenous. 
M—Intramuscular. 
lso received 96 gm, streptomycin. 
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2 gm. daily for 48 days. Vestibular 
manifestations consisting of dizziness 
and nystagmus began soon after start- 
ing treatment and persisted until death 
from congestive heart failure. Clinical 
arrest of the infection was apparently 
accomplished, although 1 positive 
blood culture was obtained 2 months 
prior to death. 


Discussion. Although it is important 
to establish a standard plan for the 
treatment of subacute bacterial endo- 
carditis, it is necessary that the physi- 
cian be ready to regulate the therapy 
to suit the requirements of the indi- 
vidual patient. Factors to be taken into 
consideration include the duration of 
the disease at the time the diagnosis 
is made, clinical condition of the pa- 
tient, nature of the offending organism 
and its response to penicillin in vitro, 
record of any previous therapy, and 
the symptomatic and clinical response 
of the patient after treatment is under 
way. 

The supportive measures are those 
necessary in any long continued in- 
fectious process. Diet should be high 
in calories and easily tolerated. A low 
sodium intake is indicated in view of 
the significant incidence of congestive 
failure. Transfusions are usually un- 
necessary but should be used without 
hesitation if one is faced with a danger- 
ously low or falling hemoglobin value 
during therapy. Digitalis is indicated 
only if congestive failure develops. 
Oral iron preparations are useful to 
combat the secondary anemia, and high 
potency multivitamin mixtures may be 
desirable in general supportive care. 
Strict confinement to bed is not neces- 
sary or advisable in the absence of 
symptoms or signs suggestive of the 
onset of congestive heart failure. 

Penicillin is the specific therapeutic 
agent of choice in the majority of cases. 
The various better known fractions (F, 
G, K and X) have not as yet been 
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evaluated sufficiently to know which 
is most effective.? Streptomycin should 
be employed in those cases involving 
gram negative organisms or where 
penicillin resistance has been demon- 
strated by in vitro laboratory tests, 
Anticoagulants as an adjunct to aid in 
the penetration of the valvular vegeta- 
tions by the antibiotics seem superflu- 
ous and not without danger, although 
Loewe still advocates the use of hepa- 
rin.?7 Sulfonamides have proved to be 
far inferior to penicillin (Table 1) and 
at present are to be considered only 
after adequate penicillin and, or, strep- 
tomycin therapy have failed. 

A survey of the current literature 
reveals no unity of opinion regarding 
the daily dosage of penicillin, the dura- 
tion of therapy, and the optimum route 
of administration. 

Various clinics have recommended 
daily doses of penicillin varying from 
200,000 to 1,200,000 units in the aver- 
age case, and it would appear that, 
with this passage of time, the figures 
are being revised 
Theoretically, the sensitivity of the of- 
fending organism to penicillin should 
give us at least the starting point for 
estimating an adequate dose. If the 
causative organism is inhibited by 0.6 
units or less of penicillin per cc. of cul- 
ture media, one may expect therapeutic 
success with moderate daily doses. 
Tumulty and Harvey,'* however, en- 
phasize that many organisms appearing 
resistant will respond to an average 
dose. It is also true that some organ- 
isms which appear sensitive to in vitro 
tests will not respond to the correspond- 
ing dose of the drug. In general, it 
seems advisable to administer the drug 
in doses which will give a blood level 
5 to 10 times the minimal amount ef- 
fective in vitro. In the treatment of re- 
lapses a substantial increase in both the 
daily dose and the duration of treat: 
ment should be made regardless of the 
in vitro sensitivity of the organism. 
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vhich The clinical response of the patient compounds such as _para-amino-hip- 
ould =} ja given dosage schedule will regu- puric acid and caronamide, our experi- 
lving J hte the subsequent schedule. Within ence along this line has been limited. 
yhere Jj the first few days the patient should Certainly the use of these compounds 


mon- J show clinical signs of improvement. seems to offer promise in selected cases. 
tests. The persistence of occasional embolic Tumulty and Harvey" point out that 
id in] episodes early in the course of treat- the goal of any therapeutic regimen is 
geta- J ment need not be construed as an indi- the cure of the maximum number of 
erflu- J cation of therapeutic failure. patients and not the determination of 
ough Loewe*® and also Christie! have the smallest amount of a therapeutic 
hepa- 4 utilized both intravenous and _intra- agent which will be effective in the 


to be muscular routes of administration with majority of patients. For this reason, 
) and J sccess. Flippin and his associates? it does not seem extravagant to over- 
only preferred the intermittent intramuscu- treat some patients in order to secure 
strep- J lar technique with “booster” injections adequate treatment of all. The authors 
periodically in resistant cases. More mentioned above cite 4 cases with ap- 
ature J recent reports’®'* suggest use of the parent clinical arrest of the infection 
rding J intermittent intramuscular route for who died from other causes and at 
dura- J average doses and utilization of the autopsy still showed evidence of active 
route] continuous intravenous method only if endocarditis. Christie’ emphasizes the 
the daily dose is to be 3,000,000 units duration of the treatment, irrespective 
ended § or greater. The final choice of route of the total dosage, as an important 
from } should be determined by the ease of factor. 

aver- J administration and comfort of the pa- At the present time there is no gen- 
that, J tient in the cases calling for moderate eral agreement as to the criteria for 
igures # doses of the drug. If the continuous. adequate treatment. Priest et al.® state: 
“uc. | intravenous route is used, 5% glucose in “The only consistently reliable guides 
he of- J water as a vehicle rather than normal after cultures of the blood have become 
hould ] saline should be employed due to the _ sterile are the leukocyte count and the 
nt for | undesirable amount of sodium intro- blood sedimentation rate.” Tumulty 
if the ] duced by the former method. The fre- and Harvey,!* on the other hand, be- 
y 0.05 9 quent occurrence of thrombophlebitis lieved that the best indications of ef- 
of cul- | atthe site of administration and the in- _ fective therapy were the return of the 
peutic J] convenience to the patient incurred by temperature and pulse to normal, a 
doses. § this method leads us to favor the inter- gain in weight, the absence of sweats, 
r, ém- J mittent intramuscular route. We have an increasing sense of well being of the 
earing J «casionally employed the “booster” patient, the subsidence of embolic phe- 
verage } doses as advocated by Flippin and have nomona, and the elevation of the red 
organ- | found them to be advantageous. count and hemoglobin toward normal. 
n vitro Loewe® estimai.s that with the con- We believe that the clinical response of 
spond- tinuous intravenous method a blood the patient is a more reliable index to 
ral, it | level of approximately 1 unit per cc. adequate therapy than laboratory deter- 
e drug | may be obtained for each 1,000,000 minations. Duration of therapy based 
1 level} units of the drug given daily. This de- upon the above standards will vary in 
int ef | termination may be used as an initial individual cases, but 5 weeks should 
of re- J guide in estimating the dosage based probably be regarded as a minimum 
oth the} 0 in vitro sensitivity of the organism. for continuous therapy in uncompli- 
treat: J Although significant elevations of the cated cases. 

of the } blood level of penicillin have been re- Relapses usually occur within 3 or 4 
m. ported by the concurrent use of various weeks after cessation of therapy and, 
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in our experience, are usually of serious 
prognostic import (see Table 7). Ther- 
apy should be resumed, a more intens- 
ive program used, and streptomycin 
administered where indicated as previ- 
ously outlined. The largest total dosage 
in our series was 194,000,000 units, 
although a case has been reported 
which was given a total of 1,450,000,- 
000 units with recovery.'® 

Considerable difference of opinion 
exists as to whether cardiac failure is 
hastened due to further scarring of the 
valves during the healing process. It 
must be conceded, however, that suc- 
cessful therapy for subacute bacterial 
endocarditis by increasing longevity of 
this group of patients will magnify the 
importance of congestive failure as a 
cause of death in rheumatic heart 
disease. 

As pointed out above, the occurrence 
of embolic episodes during the course 
of treatment is not necessarily evidence 
of inadequate therapy, although its 
frequent occurrence probably indicates 
the need for prolongation of the course 
of the drug. 

The occurrence of thrombophlebitis 
at the site of continuous intravenous 
injections has already been discussed, 
and we have not encountered necrosis 
of muscle secondary to intermittent 
intramuscular administration. 

The use of penicillin prior to and 
following dental extractions and tonsil- 
lectomy in patients with valvular heart 
disease is definitely warranted. Recent 
work suggests that an effective peni- 
cillin level should be continued for at 
least 48 hours post operatively.* Foci of 
infection should be diligently searched 
for in all patients undergoing therapy 
for subacute bacterial endocarditis and, 
if possible, should be eliminated during 
the course of penicillin treatment. 
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The final determinants of success jp 
the therapy of this disease with peni- 
cillin are not primarily such factors as 
age, duration of the disease, or the 
valves involved, but rather the degree 
of cardiac disability, the critical nature 
of the embolic phenomena and the 
resistance of the offending organism." 

Our mortality rate of 21.7% compares 
favorably with 374 cases collected from 
the recent literature whose overall 
death rate was 26.6%,1:5:7:9.10.13 Tt is to 
be expected that refinements in anti- 
biotic therapy in the future will signif- 
icantly improve upon this figure by 
eliminating failures due to recurrent 
infection. 


Summary. A total of 24 cases of sub- 
acute bacterial endocarditis _ treated 
with penicillin involving 23 patients is 
reported in detail. Eighteen are living 
and free from evidence of infection 5 
months to 4 years following cessation 
of treatment. 

A correlation between sensitivity of 
the organism in vitro and the in vivo 
response to antibiotic therapy is dem- 
onstrated. The importance of clinical 
relapse as an unfavorable prognostic 
sign is pointed out. 

Factors to be considered in setting 
up a rational program of therapy are 
discussed. The importance of congest- 
ive heart failure as a complication is 
stressed and suggestions for its preven- 
tion are outlined. 

Streptomycin is advocated for those 
cases in which a marked in vitro resist- 
ance or a lack of clinical response to 
massive doses of penicillin is encoun- 
tered. 

An overall mortality of 21.7% for this 
series compares favorably with other 
series previously reported. 


The authors are indebted to Dr. F. Janney Smith, Physician-in-Charge of the Cardio-Respit- 
atory Division of the Henry Ford Hospital for his encouragement and helpful criticism and to 
Dr. R. F. Ziegler for assembling clinical data relative to Cases 1 to 9 inclusive. 
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GLucosE is known as one of the most’ more above the control record were te. The 


important nutritive substances for  gerded as significant. d ca 
tess ond it stimulating Blood pressure was estimated at intervals J 


ee the h ; he | | by the sphygmomanometer in some, but not al! diac ¢ 
action on the heart in the heart- ung of our subjects. No significant changes were § than | 


preparation has been shown by Bay- found after the injection and, as we preferred 


liss, Muller and Starling’. Glucose not to disturb the subjects in any way, we The 

therefore, has been recommended in omitted these estimations in the last part of # 
the study. incres 


the treatment of patients with cardiac These determinations have been made in9 § as pe 
disease and is usually used intravenous- subjects with normal hearts, and in 14 pe Bt nifics 
ly in hypertonic solutions at a concen- __ tients with evidence of heart disease (2 with 
tration from 20% to 50%®1°, However, questionable heart disease, 2 with arterio- diac 
quantitative determinations of the ef- ‘<lerotic heart disease, 3 with congestive 


failure of variable etiology, 6 with hyperten- 
fect of glucose on the work of the gion and 1 with nephrosis). All of the patients § 18, 1 
human heart, to our knowledge, have with cardiac disease were ambulatory at the 


maxit 


in 
not yet been reported. The present time of the test and all were capable of te- these 
study has been performed in order to clining on the ballistocardiographic table ; 
without severe orthopnea. data. 
measure the modification of the cardiac 


‘ , The results were subjected to a statistical ] from 
output induced by hypertonic glucose analysis by the methods of Fisher® and the § creas 


solution. The determinations of cardiac word “significant” is used in the statistical 


output have been made by the ballisto- sense, indicating a probability of less than 5 value 
cardiographic method of Starr!2. The ™ 100 that the difference was due to chance. - 
effect of the injection has been studied Results. The data are given in Table | Ty, 
in normal subjects and in patients with 1. In normal subjects, the hypertonic 7 wore 
cardiovascular disease. glucose solution induced an augment: J chan 


Technique. The subjects were studied at tation of the cardiac output Tasting chan 
least 2 hours after a meal and a control ballis: about 5 minutes after the injection J Yo, 
tocardiographic record was taken after 15 The maximum augmentation reached 9 § jy 
minutes rest. Then they received an injection 10% to 30%. After 5 to 8 minutes, the the | 
of 50 cc. of a warm glucose solution at a con- cardiac output reached its normal level. J inti 
centration of 50%; the injection was always : id fter 
made intravenously in 20 to 40 seconds. A and in many cases droppec therea D 
series of ballistocardiographic records were to a lower level. | 
taken successively at 1, 2, 3, 4, 5, 6, 8, 10, A strikingly different response was of ce 
15, 20 and in a few cases up to 45 and 60 obtained in the great majority of our § gran 


minutes. The results are calculated in per- di e 
centage of minute output modification of the patients with cardiovascular 


control record. Only ‘increases of 10% or The augmentation of the cardiac out: the 
our 


cose 


* Agrege of the University of Brussels, Belgium. 
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put lasted much longer than in normal 
cases and was generally still present 
5 or 20 minutes after the injection. In 
wme subjects, however, we observed 
, transient drop of the cardiac output 
luring the first minutes following the 
injection and a later increase. 

In making the statistical analysis it 
gemed best to exclude the patients 
with questionable cardiac disease (Pa- 
tients LO and 16) even though their in- 
cdusion would have made no material 
difference. 

The average duration of the increas- 
ed cardiac output in patients with car- 
diac disease is very significantly longer 
than in the normal group; indeed there 
isno overlapping of the two groups. 
The difference between the maximal 
increase of cardiac output, expressed 
as percent of the control value, is sig- 
iificant but less striking. The mean 
maximal increase is 35.9% in the car- 
diac group and 19.3% in the normal 
goup. In 3 cardiac patients (Patients 
I§, 19 and 23) the maximal increase 
in cardiac output was 50% or more; 
these increases stand out from the other 
data. If these 3 results are excluded 
fom the cardiac group, its mean in- 
crease becomes 25.2% instead of 35.9% 
and statistical analysis reveals that this 
value is not significantly different from 
the normal average. 

The modifications in cardiac output 
were not correlated with any significant 
change in heart rate, indeed the rate 
changed but little in most experiments. 
However, in 1 normal subject (Patient 
Sin the Table) a transient slowing of 
the heart beat occurred from the first 
until the second mftnute after injection. 


Discussion. As successive estimations 
of cardiac output by the ballistocardio- 
fram agree within 10% (the standard 
‘ror of estimation of the second from 
the first is 4.8% of the second value" ), 
our results show that hypertonic glu- 
tose solution induces an augmentation 
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of the cardiac output both in normal 
subjects and in those with cardiac dis- 
ease. As the blood pressure did not 
change significantly in the subjects 
studied, the work of the heart must 
have increased. In normal subjects this 
augmentation was transient; in cardiac 
disease it was much more prolonged. 

Glucose, therefore, is another example 
of the group of physiological agents 
which affects the cardiovascular sys- 
tems in disease in a manner different 
from the effect produced in healthy 
persons. This is also true of such fa- 
miliar agents as digitalis?.'*"" and theo- 
phylline ethylene diamine® injected in- 
travenously; and doubtless of many 
other agents. And it is of no little in- 
terest that all three of the agents men- 
tioned above cause a stimulation of the 
circulation more pronounced and en- 
during in disease than in health. 

The action of hypertonic glucose that 
we have demonstrated might have been 
brought about by the glucose itself, 
by the hypertonicity of the injected so- 
lution, or by both means. In normal 
subjects the augmentation of the cir- 
culation was transient. A similar ef- 
fect has been observed after the in- 
jection of hypertonic saline solution’ 
and this raised the question whether 
the response is due to their common 
property, hypertonicity, rather than to 
a, specific effect on the heart. It is 
known that hypertonic solutions at- 
tract a certain amount of water from 
the tissues into the blood, increasing 
the blood volume and the venous pres- 
sure*. Whether this latter fact could 
explain the initial augmentation of the 
cardiac output, in accordance with 
Starling’s Law of the Heart, was in- 
vestigated and the results are recorded 
in the following paper. 

On the other hand, the long lasting 
augmentation of the output observed 
in cardiac patients might be due to a 
beneficial action of glucose on the 
heart. It should be recalled that in 
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animal preparations, glucose has a more 
favorable effect on the contractility of 
2 failing heart than of a powerful 
heart!*. Our results indicate that the 
same may be true in human beings. 

Of those patients with cardiac dis- 
ease Who showed a prolonged increase 
in cardiac output, there was no ap- 
parent common factor except cardiac 
abnormality. It was our impression 
that the most striking increases and 
prolongations of cardiac output were 
roughly proportional to the degree of 
dyspnea and perhaps to the degree of 
cardiac insufficiency, but this relation- 
ship is not too clear. Patient 16, aged 
\7, with meningo-vascular syphilis, had 
no evidence of cardiac disease except 
an abnormal electrocardiogram, yet his 
cardiac output remained elevated for 
15 minutes after the glucose injection. 

None of the patients with cardiac 
disease stated that they felt any sub- 
jective benefit following the injection, 
nor were any unfavorable effects not- 
ed. Objections have been raised to the 
therapeutic use of hypertonic glucose 
solution in patients with coronary in- 
sufficiency. It has been reported in 
these cases to cause a significant al- 
teration of the electrocardiogram; more- 
over some patients are reported to have 
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complained of severe precordial pain*. 
In our experiments the injection was al- 
ways performed rapidly, but the only 
complaint recorded was a warm sen- 
sation throughout the body lasting a 
few seconds. Moreover, the maximal 
augmentation of the cardiac output im- 
mediately after the injection was usual- 
ly not very great, and the heart was not 
subjected to a sudden increase in its 
work. In our one patient with true an- 
gina of effort (Patient 11 in the Table ) 
anginal pain was not produced. 


Summary and Conclusion. Hyper- 
tonic glucose solutions injected intra- 
venously induced an augmentation of 
the cardiac output as measured by the 
ballistocardiogram, which generally 
reached 10% to 30% above the con- 
trol figure. 

Although the average maximal in- 
crease was significantly greater in pa- 
tients with cardiac disease than in 
healthy persons, the difference was not 
striking; and, if the data obtained in 3 
patients are omitted, the difference is 
no longer significant. 

On the other hand the difference in 
duration of the effect was very strik- 
ing and highly ‘significant. The in- 
creased cardiac output lasted much 
longer in patients with cardiac disease. 


The authors wish to express their sincere appreciation to Dr. Isaac Starr for his helpful 
suggestions and guidance in this work and to Mrs. Margery Murray for technical assistance. 
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ON THE MECHANISM BY WHICH INTRAVENOUS INJECTIONS 
OF HYPERTONIC GLUCOSE SOLUTION CAUSE 
INCREASED CARDIAC OUTPUT 


By JAmes P. Watsu, M.D. 
PHILADELPHIA, PENNSYLVANIA 


(From the Department of Therapeutic Research and the Medical Clinic of the Hospital 
of the University of Pennsylvania) 


IN THE preceding paper® it was dem- 
onstrated that 50 cc. of 50% glucose 
solution injected rapidly intravenously 
was followed by a noteworthy increase 
in cardiac output which tended to be 
of longer duration in subjects with 
heart disease than in healthier sub- 
jects. Further studies have been un- 
dertaken to answer several questions 
‘about the mechanism of this effect. 

As was mentioned in the previous 


paper, two _ possibilities presented 
themselves: 
1. Hypertonic glucose solution 


would be expected to draw fluid into 
the circulation and to increase blood 
volume, and this might in turn raise 
the venous pressure and so stimulate 
the heart according to Starling’s Law. 
According to this concept the increased 
effectiveness of the glucose in cardiac 
disease might be attributed to the ex- 
cess tissue fluid present in such cases 
as manifest or occult edema. This 
fluid might be more readily available 
than the tissue fluids of healthy sub- 
jects and so might lead to a more rapid 
and prolonged increase in blood vol- 
ume and so to more pronounced cardi- 
ac effects. 

2. From the results of animal experi- 
ments, it was also proper to expect 
that glucose would stimulate the heart 
directly. Indeed, the enhanced effect 
in cardiac disease might be taken to be 
analogous to the results already obtain- 
ed in animal preparations' in which 
a damaged heart responded more vig- 
orously to glucose than hearts in bet- 
ter condition. This hypothesis is not 
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an alternative to the first and there 
was no way of testing it directly, but 
the problem could be approached by 
excluding other possibilities and find. 
ing whether the data were consistent 
with this concept. 

The results demonstrate that, 
though a significant rise of blood vdl- 
ume did follow the injection of glu 
cose, the increase of venous pressure 
was so small that it was often negligibl 
and it could not be correlated with the 
increase in cardiac output. As there 
is positive correlation between the 
cardiac output effect and the level of 
blood sugar after glucose is injected 
the data suggest that glucose produces 
an effect on the circulation directly by 
cardiac stimuation rather than indirect: 
ly by increasing the blood volume. 


Subjects. The 22 subjects were all ward pv 
tients at the University Hospital and each te- 
ceived a complete hospital study. Four gave 
abnormal ballistocardiograms and as cardiac 
output could not be calculated with conf- 
lence from such records these data were not 
used. The patients who had normal ballisto- 
cardiograms were divided into 2 groups. 

Included in the group with normal hearts 
was B, M., age 56, with carcinoma of the lung 
who died 7 weeks after the test and had a 
normal heart at necropsy. The rest were: T 
S. age 54, diagnosed anxiety neurosis; L. B. 
age 42, with a mild pyrexia of unknown om- 
gin; J. Z., age 55, with a mild depressed psy- 
chosis; N. V., age 56, who suffered from los 
of weight not explained by the study; and Hi, 
W., age 26, diagnosed psychoneurosis and pti- 
mary dysmenorrhea. 

Included in the group with abnormal 
hearts were: O. B., age 40, with luetic aorti 
valvulitis; L. M., age 29, A. S., age 30, and P 
E., age 39, all with rheumatic mitral stenosis: 
FE. M., age 57, with coronary heart disease, 


left bu 
W.., 
nterm 
came 


TABL 


Subje 


E.M. 


L.M. 


L.G. 


ALK. 


B.M 


L.B. 


a 
T.S. 
A.S 
| | 
C.W. 
WH 
= 
J.Z 
NV 


WALSH: INTRAVENOUS INJECTIONS OF HYPERTONIC GLUCOSE SOLUTION 499 
dt bundle branch block and angina pectoris; cardiographic abnormalities suggestin peri- 
¢, W., age 55, who came to the hospital with carditis rather than infarction, and who 
jtermittent substernal pain which later be- developed azotemia and left the hospital 

NS ame constant, who showed severe electro- moribund; A. K., age 59, W. H., age 47, G. B., 
TABLE 1.--RELATION OF CHANGE OF CARDIAC OUTPUT PER MINUTE TO CHANGE IN PLASMA 
VOLUME AFTER INJECTION OF HYPERTONIC GLUCOSE 
Ch Time After Injection at which Samples were Taken and 
i Estimates Made. 
pital in Cardiac 
Subject Diagnosis Output and 
Plasma 3 to 8 min. |12 to 18 min. |25 to 30 min.| 45 to 50 min. 
there Vol. 
| 
aed by E.M. |Coronary Ht. Dis. C.0. per min.% “z + 8 - § 0 
d find. P.V. % +12 + 6 +4 0 
isistent 
T.S. |Coronary Ht. Dis. C.0 + 3 ae - 5 0 
at al P.V +18 -12 0 
al, di 
od vol P.E. |R.H.D. Mitral Stenosis | C.0O. + 4 +20 +10 
of P.V. +16 +14 +11 
TESSUTE 
sligibl AS. |R.H.D. Mitral Stenosis | C.0 +26 +16 + 6 - 8 
‘ith the P.V +23 +24 +24 +19 
thee mitral Stenosis | +17 -2 -1 +7 
on the P.V. +4 -4 -1 “ll 
evel of 
vjected, |Dissic. Aneurism (7) | C.0. -3 +12 +2 0 
ctly by WH. |Ess. Hypertension C.0. +§ + 9 +9 +20 
idirect- P.V. +12 +15 +16 
me. 
L.G. |Ess. Hypertension C.2. +12 +9 + 9 +10 
vard pa- P.V. + 9 + 5 +13 + 6 
each te- 
yur A.K. |Ess. Hypertension C.0. + 4 -11 -15 -25 
cardiac P.V. + 5 +2 
h confi- 
‘ t 
were Ti! B.M Normal Heart c-6. +12 - 8 - 7 
ballisto- P.V. - 4 
al heart L.B. Normal Heart C.0 +28 +2] +4 + 3 
P.V +16 +16 +10 +19 
d had a 
[Normal Heart C.0. 3 +3 - 6 -4 
s; L. P.V +12 
own ori- 
sed psy- 
N.V. |Normal Heart c.0. - 7 - 4 - 3 
P.V. +11 +9 +14 +8 
- and H. 
and pri- 
bnormal 
‘ic aortl Average Change in C.0. (%) + 9.6 + 5.5 2 0 
), and | Average Change in P.V. (%) +11.8 + 6.3 6.5 + 7.1 
stenosis: 
disease, 
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age 27, L. G., age 62, O. Y., age 56, and A. M., 
age 42, had hypertension at or exceeding 
180/105 mm. Hg. Of these six, 5 were ad- 
judged to have cardiac abnormality because 
they had either cardiac enlargement by fluoro- 
scope or a major electrocardiographic abnor- 
mality or both. However, C. B., the youngest 
of them, had no cardiac enlargement and a 
normal electrocardiogram, but the shape of 
the heart suggested left ventricular hyper- 
trophy. 

All these patients were in good functional 
condition (Class I) except P. E. who was in 
mild congestive failure at the time of testing 
(Class IV); O. Y., admitted in failure, who 
had recently recov ered from it when the tests 
were made (Class III); and C. W. extremely 
ill, but with the diagnosis in doubt. 

Methods. Plasma volumes were estimated 
by the dye dilution method using T-1824 ac- 
cording to the technique of Gregerson.*-4-5 
A single sample taken between 10 and 15 
minutes after the dye injection was employed 
to calculate the initial blood volume. Later in 
the same experiment other blood samples 
were taken to follow the changing blood vol- 
ume. The amount of dye in the plasma was 
estimated from optical density ste a Beck- 
man Spectrophotometer. The changes in 
blood volume were estimated from the devia- 
tion of our samples from the theoretical time- 
disappearance curve of the injected dye. This 
curve had been previously determined® and 1] 
confirmed the findings in 4 subjects. 

Hematocrit specimens were centrifuged at 
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a speed of 2500 to 
hour. 

Venous pressures were taken by the meth. 
od of Moritz and Tabora, by allowing a Saline 
solution to run into an antecubital vein as far 
as it would. The needle was left in the vein 
during the experiment. 

Arterial pressures were estimated in th 
usual manner by the auscultatory method, 

Cardiac output was estimated from the 
ballistocardiograms.” 

In some experiments blood sainples wer 
analysed for sugar and ge ally for chlo. 
rides. I am indebted to Dr. t. Austin who 
made these estimates for me. 

All patients were tested either fasting or at 
least 2 hours after a meal kept low in fat 
content. They lay horizontally on the ballisto- 
cardiograph for 15 minutes before the firs 
record was taken. Venipuncture was. then 
performed. Dye was injected, venous and ar- 
terial pressures were measured and a ballis. 
tocardiogram taken. After these estimations 
50 cc. of 50% glucose was injected in a period 
of about 30 10 seconds. Ballistocardio- 
grams, blood samples and estimations of ven- 


3000 r.p.m. for half ay 


to 


ous and arterial pressure were taken at inter- 
vals for the next 45 minutes or until the effect 
had died away. Not all the estimations wer 
made on every subject. 

Results. Plasma volume was estimat: 
ed repeatedly on 4 of the subjects with 
normal hearts and on 9 of the group 


TABLE II.--RELATION OF CHANGE OF CARDIAC OUTPUT TO CHANGE OF VENOUS PRESSURE 
AFTER INJECTION OF HYPERTONIC GLUCOSE 


Change in 
Cardiac Time After Injection at which Samples were Taken 
Subject Diagnosis Output and 
Venous 2-3 min. 5 min. 8-10 min. 10-15 min.| 20-30 mn. 
Pressure 
— | 
O.Y. |Ess. Hypertension C.0. Per min. % 6 +17 + 6 +13 +10 
V.P. mm. HO -4 
G.B. |Ess. Hypertension C.0. + 4 - 3 ] ] 2 
V.P. +22 +11 2 6 “14 
O.B. |Luetic Ht. Disease +20 +16 
V.P. +12 16 +12 
E.M. |Coronary Ht. Disease C.0. + 6 R 5 
V.P. +12 + 8 
L.G. | Hypertension c.0. + 9 15 9 +10 
V.P. +13 5 -1 
N.V Normal Heart C.0. + 8 + 5 7 4 
V.P. +47 +20 +20 aS +4 
H.W. |Normal Heart C.0. + 8 - -15 | 
VP. +32 +30 +22 7 +15 
B.M. |Normal Heart C.0. +12 8 7 
V.P. 16 +12 
Average Change in C.0. (%) + 9 + § . § 0 0 | 
Average Change in V.P. (mm. Ho() +20 +12 + 6.5 + 3 aa 
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with cardiac disease. The results are 
sven in Table 1. Inspection of the 
results showed no noteworthy differ- 
ence between those obtained in the two 
soups of cases. After the injection of 
ucose the plasma volume always in- 
mreased, the average increase for all 
or subjects being +374 cc. at the end 
5 minutes, +221 cc. between 12 and 
\§ minutes, +225 cc. between 25 and 
\) minutes and +242 ce. in the smaller 
soup tested between 45 and 50 min- 
ites. 

Forty-five estimates of cardiac out- 
put can be paired with simultaneous 
atimates of plasma volume. Statistical 
walysis shows that the correlation be- 
tween the changes in these 2 values 
iter glucose is significant, the corre- 
tion coefficient being 0.41, whereas 
uly value over 0.29 is significant. 
Hematocrit values were estimated 
repeatedly in 21 cases, 5 of whom did 
wot receive glucose. The changes were 
sually very small; the average packed 
ll volume diminished 1.6% in 14 
wmples taken from 2 to 5 minutes after 
the injection of glucose; 1.9% in 18 
umples taken from 10 to 15 minutes; 
\9% in 16 samples taken between 20 
ind 30 minutes; and 2.1% in 8 samples 
tuken between 35 and 45 minutes. But 
itendency towards diminution was also 
und in those cases not given glucose. 
Thus 35 to 45 minutes after a dye in- 
ection, no glucose being given, the 
werage of 5 samples showed the pack- 
«cell volume to have diminished by 
16%, a value not significantly differ- 
at from that found after glucose at a 
imilar time. For this reason, as well 
8 the well-known error inherent in 
lculating the total relation between 
els and plasma from blood samples 
lawn from veins, the results have 
en reported as plasma volume, rather 
han as blood volume. The latter was 
ilculated in each case and the data 
lid not change our conclusions. 
Venous pressure was estimated re- 
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peatedly in 9 subjects of whom 3 had 
normal hearts and 6 had cardiac dis- 
ease. The initial pressures were all 
within normal limits. Results are re- 
corded in Table 2. After glucose there 
was a slight but definite increase of 
venous pressure in most subjects. The 
average increase reached a maximum, 
20 mm. HO, shortly after the injection, 
at the time when cardiac output was 
often at its maximum. This increase of 
venous pressure was not sustained and 
in about 10 minutes the average was 
only 6 mm. above the initial level. 
From this point the average fell more 
slowly and was only slightly above the 
initial level 35 minutes later. 

Estimations of the change of venous 
pressure after glucose can be paired 
with simultaneous estimations of the 
change in cardiac output in 30 in- 
stances. No relation could be demon- 
strated as the correlation coefficient, 
0.165 was not significant. 

Arterial pressure was estimated re- 
peatedly in 6 cases. No important 
changes were found after the injection 
in any case tested. A similar result hav- 
ing been secured in the preceding 
study these estimations were not con- 
tinued. 

Blood sugar was estimated repeated- 
ly in 3 cases. As was to be expected 
from the many results secured by those 
interested in the Intravenous Glucose 
Tolerance Test,® a marked increase was 
found after the injection and the blood 
sugar remained abnormally elevated 
during the whole experiment. Table 3 
gives these results. The correlation co- 
efficient between blood sugar level and 
the cardiac output is 0.57, and any 
value over 0.51 is significant. The blood 
chlorides did not change significantly. 

Discussion. The additional experi- 
ence gained permits a more exact 
statement of the relation of the re- 
sponse to glucose and the clinical state 
of the patients. In this study the pa- 
tients with cardiac abnormalities used 
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were not as sick as those tested previ- 
ously“ and it is interesting that their 
cardiac outputs did not increase so 
much, nor was the increase so pro- 
longed as in the group studied before’. 

lhe patients with abnormal hearts 
had been classified according to the 
functional classification of the Ameri- 
can Heart Association before the re- 
sults of the study were known, and it 
is of interest to compare this clinical 
estimate of cardiac capacity with our 
findings, using the data of both this 
and the preceding paper*. In so doing 
it seemed proper to omit case L.B. 
who had a fever of unknown origin 
and whose cardiac response to the glu- 
cose was much more vigorous and pro- 
longed than that of any other person 
with a normal heart. No other patient 
was febrile. C.W. was also omitted be- 
cause the primary diagnosis was in 
doubt, he was very sick and his cardiac 
status was hard to assess. 

As the difference between the glu- 
cose effect on the cardiac and non- 
cardiac groups was most conspicuous 
late in the test, and as the exact times 
at which ballistocardiograms were 
taken varied somewhat, we _ studied 
values for cardiac output estimated 
from ballistocardiograms taken between 
15 and 30 minutes after the injection 
of glucose and, if there was more than 
one estimate in this period, the average 
was used. The results were striking. 
In 14 patients with hearts judged to be 
normal the average cardiac output per 
minute at this time was 7% below the 
level found before injection. On 14 
patients judged to have cardiac disease 
but without undue dyspnea on exertion 
(Class 1) the average was 2% above 
the initial value at this time; in the 3 
judged to belong to Class II the aver- 
age was +16%; in the 5 in Class ITI, 
+12%; in the 2 unable to take any 
exercise without discomfort (Class IV) 
it was +22%. The numbers in the 
Classes II, III, IV are too small to 
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warrant statistical analysis of the data 
from each group separately, so they 
were combined. fhe mean obtained jy 
the group with normal hearts is sig- 
nificantly different from that of the 
Class I group, ¢ being over 3. Similarly 
the mean of the Class I one is sig. 
nificantly different from that of the 
combined groups, t being again over 
3. Evidently the duration of the te. 
sponse to glucose increases as the func. 
tional capacity of the patient dimin- 
ishes. 

The results also throw light on the 
mechanism by which glucose produces 
its effect on the circulation. It is true 
that there is a significant correlation 
between the increase of blood volume 
that occurs after glucose and the in- 
crease of cardiac output; a similar sig- 
nificant correlation, of about the same 
magnitude, was found between changes 
of cardiac output and blood volume in 
cases subjected to operation’, but it 
does not necessarily follow that the one 
causes the other; in this instance it is 
more likely that the glucose is the single 
cause of the two efiects. We know ol 
no means by which increased blood 
volume could stimulate cardiac output 
except by raising the filling pressure of 
the heart; and the increase of peri- 
pheral venous pressure after glucose 
was negligible in most cases. The srefote, 
the increased blood volume could hard- 
ly have produced the striking cardiac 
effects observed. It is true that the 
greatest average height of venous pres 
sure and the maximum average stimt- 
lation of cardiac output in the same 
subjects coincided at about 4 minutes 
after the injection, but the change in 
peripheral venous pressure was always 
very small, averaging only 2 cm. a 
this time. Warren et al.!° have pre 
sented evidence that changes in cardiac 
filling pressure of this amount are not 
sufficient to affect the cardiac output 
consistently. Also if one examines close: 
ly the data on simultaneous estimations 
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venous pressure and cardiac output cardiac function found. The results ob- 
0 they | Table 2), the lack of correlation is tained on patient L.B. (the only sub- 
ined iy  wadily seen. Calculation shows no sig- ject with fever), Table 3, are in com- 
is sig ff uficant correlation within the 30 pairs plete accord with this concept for the 
of the Jia which simultaneous changes in increase in cardiac output is closely 
milarly J yenous pressure and cardiac output related to the increased level of blood 
is sig. § could be compared. One must conclude — sugar. However, in patient ].Z. an even 
of the §tlat the increase in cardiac output is higher increase in blood sugar was not 
n over J ut to be attributed to an improve- accompanied by a significant change 
the re. ment in cardiac filling caused by in- in cardiac output and in L.G. (with 
e func. ceased blood volume. hypertension) the fall of the blood 
dimin- 
TABLE Ill.--THREE EXPERIMENTS SHOWING VARIOUS CHANGES AFTER GLUCOSE INJECTION 
on the 
Blood 
oduces Pulse Cardiac 
is true (ase Time Rate Sugar Chlorides Output Plasma Volume Diagnosis 
mg M % % 
elation p. 100 ce. 
Pyrexia of unknown 
volume 1, L.B. Before glucose 98 80 origin (T.100-102°) 
| Normal C V system 
ne After glucose 
lar sig- 3 min. 106 +28 
is 6 - 8 min. 103 243 +28 +443 +16 
e Same 15-18 min. 102 223 +15 +455 +16 
hanges 30 min. | 100 196 +4 +274 +10 
oo | 45 min. | 100 176 +3 +553 +19 
ume 1) | 
| } Involutional melan- 
Dut it § (2.4.2. | Before glucose 62 78 colic. Normel 
After glucose systen. 
he one 3-5 nin. 62 | 254 +406 "12 
e it is | 8-15 min 61 | 199 5 +4 +230 +7 
| 30 min | 188 102.8 -6 -27 
? single 45-50 min | 60 -4 
10W ol | Hypertensive C.V. 
blood L.G. Kefore glucose | 57 90 -4 
| nephritis 
output After glucose 
sure 0 3 - 5 min. 236 106.4 +9 +386 9 
min. | 53 +15 
f pet: | 15-16 min. | 55 208 105.9 +9 +214 +5 
tlucose | 30 min. | 56 176 107.2 +9 +637 +13 
| 45 min. 58 156 107.4 +10 +287 +6 
refore, 
1 hard- 
cardiac | Therefore, the second alternative sugar curve is not accompanied by a 
jat the J must be considered; glucose might in- corresponding fall of cardiac output. 
s pres’ | ease the cardiac output by a direct Obviously other factors than the level 
stimt- | imulating effect on the myocardium. of blood sugar influence the intensity 
» same JA large amount of data on the Intra- of the cardiac effect which follows in- 
ninutes | Venous Glucose Tolerance Test® indi- travenous glucose. 
nge it tated that after an injection such as The results show that the functional 
always | “8s employed, blood glucose would be condition of the patient’s cardiovascu- 
increas > j a 
cm. at | eased for the duration of the experi- Jar system is one such factor. 
e pre | ent. This was confirmed in 3 subjects 
rardiac | td the correlation between the blood Summary and Conclusions. Blood 
re not | Ugar level and the change in cardiac volume, peripheral venous pressure, 
output | Utput per minute is significant. So blood sugar and blood chlorides have 
s close- | glucose, present in excessive amounts, been measured before, during and after 
nations | “ay well have caused the increase of the increase in cardiac output follow- 
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ing the intravenous injection of 50 cc. 
of hypertonic glucose solution into 
healthy persons and cardiac cases. The 
results have been subjected to statis- 
tical analysis. 

Although the blood volume increased 
after injection, and this was signifi- 
cantly correlated with the increase in 
cardiac output, the rise in venous pres- 
sure was almost negligible and no sig- 
nificant relation between the changes 
of venous pressure and the increase of 
cardiac output could be demonstrated. 
Therefore, no evidence was obtained 
that increased filling of the heart is an 
important factor in the cardiac stimu- 
lation which follows glucose. 

Blood sugar increased markedly after 
glucose injection and the change in its 
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HYPERTONIC GLUCOSE SOLUTION 
level was significantly correlated wit) 
the increase in cardiac output. Blood 
chlorides remained constant. Therefore 
the increase in cardiac output is bes 
explained as a direct action of glucose 
on the heart, analogous to that well 
known to occur in experiments on the 
hearts of animal preparations. 

The intensity of the cardiac action of 
glucose varied inversely with the clini. 
cal estimate of cardiac capacity, the 
average effect being most prolonged 
in those patients whose functional ca. 
pacity was lowest. This again appear 
to be analogous to results secured in 
acute animal experiments, in which the 
heart is more strongly stimulated by 
glucose when it is in poor condition. 


I am indebted to Dr. Isaac Starr for help in the preparation of this paper and to Margery \\ 


Murray for much technical assistance. 
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AMEBIASIS: EXPERIENCE IN THE JOHNS HOPKINS HOSPITAL, 
1936-1946 


By Frank W. Davis, Jr., M.D. 
RESIDENT PHYSICIAN 


BALTIMORE, MARYLAND 


(From the Medical Clinic, The Johns Hopkins Hospital) 


|v 1903 Futcher'® first reported the 
aperience with amebiasis in the Johns 
Hopkins hospital, at which time that 
lisease was shown to be responsible for 
\14% of the admissions to the medical 
avice, with a mortality rate of 25.3%. 
‘ince that time great strides have been 
mde in our understanding of the pa- 
thogenesis, complications and _treat- 
nent of amebiasis. No attempt to re- 
iw comprehensively the literature 
elevant to the disease will be made 
ete, since Craig’ has quite adequate- 
done so to 1944. During and since 
Vorld War II great emphasis has been 
laced on the possible sequelae of 
topical exposure of masses of Amer- 
an troops and the fear of increased 
midence of amebic disease in this 
ontry Many more 
ent reports have dealt with military 
sonnel in whom relatively acute 
mebiasis was present; it seems worth 
ihile, therefore, to review the expe- 


rence of a large civilian hospital in 


iealing with this problem. 


Material. In this review, all hospitalized 
dult patients in whom a diagnosis of amebi- 
‘sin any form was made during the period 
itending from 1936 to 1946 inclusive, were 
tudied. A total number of 296 cases were 
italogued, 0.15% of the total hospital ad- 
ussions over the same period. Of these cases 


» Were not available for analysis, 39 were 


uadequately studied, or the diagnosis not 
itisfactorily established, and 27 cases were 
‘agnosed on services other than the medical 
‘vice and were excluded. The remaining 


“) cases, all proven amebiasis by (a) dem- 


stration of Endameba histolytica in the 
ls, or (b) specific response to emetine in 
tee . 

Ta-intestinal forms of the disease, were 


carefully analyzed. This number constitutes 
0.51% of the total number of admissions to 
the medical service during the period of study. 


Endameba histolytica is a protozoan 
the laboratory identification and char- 
acteristics of which are beyond the 
scope of this review. Suffice it to say, 
it is primarily an intestinal parasite oc- 
curring in from 5% to 20% of the popu- 
lace of this country, with an average 
over-all incidence of approximately 
10%.'1:4° Extensive data have accumu- 
lated establishing the pathogenicity of 
this organism in man as well as in cer- 
tain experimental animals.*:"! The dis- 
crepancy between the incidence of in 
fection and incidence of symptomatic 
amebiasis has not been clearly de- 
fined. It is felt by many that concomi- 
tant bacterial invasion is a prerequisite 
to symptomatic amebiasis, and, indeed, 
Craig thinks that all infestations are 
complicated by the presence of bacte- 
ria,'' others that bacterial infection may 
lower the general resistance or facilitate 
entrance of the protozoan into the in- 
testinal mucosa.*.** It is a prevalent 
concept that approximately 10% of the 
cases of amebiasis harbor organisms of 
the Shigella group.’* In view of the 
frequency of non-specific symptoms, 
some workers have felt that the diag- 
nosis of amebiasis should be made only 
in the presence of a complete therapeu- 
tic response to amebicidal drugs.*® 

For clinical purposes, the life cycle 
of Endameba histolytica is a relatively 
simple one, although detailed analysis 
of racial characteristics and related or- 
ganisms makes its more definitive un- 
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derstanding somewhat intricate. It is 
felt that the most likely sequence of 
events is (1) ingestion of cystic form, 
which (2) excysts in the alkaline secre- 
tion of the small intestine with forma- 
tion of metacysts which (3) by their 
cytolytic action invade the mucosa of 
the cecum from which (4) trophozo- 
ites further invade the submucosa or 
muscularis, occasionally the serosa, and 
may (5) be passed into the lumen to 
the more distal large bowel, where the 
process is repeated, or form typical 
amebic ulcers, and sometimes invade 
the venules or lymphatics, thus facili- 
tating invasion of extra-intestinal or- 
gans.'''726 Many local factors other 
than the bacterial ones mentioned 
above have been incriminated, includ- 
ing the total number of parasites, the 
pH of enteric secretions, the motility of 
the intestinal tract, the virulence of the 
parasitic strain, host-resistance, and 
others.'* That symptomatic amebiasis 
occurs less commonly in children and 
more commonly in males and in the 
tropics has been established." 

Symptoms. The symptomatology of 
amebiasis is protean. Many infected 
persons are entirely asymptomatic, the 
incidence ranging from 14%8 to 61%," 
although most observers place the in- 
cidence of asymptomatic carriers be- 
tween these figures.?:'1:*5 In this series, 
twenty cases (10% ) were entirely free of 
symptoms which could be attributed to 
the presence of Endameba histolytica. 
The smaller number of symptom-free 
cases in this study is possibly attributa- 
ble to the fact that these were all hos- 
pitalized patients, usually with symp- 
toms referable to the gastro-intestinal 
tract. 

Craig" classified symptomatic ame- 
biasis into (1) carriers with indefinite 
gastro-intestinal symptoms, (2) recur- 
rent attacks of diarrhea, (3) chronic 
amebic dysentery and (4) those with 
complications. In this series 4.4% were 
considered to be carriers with non-spe- 
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cific gastro-intestinal symptoms which 
included indigestion, flatulence, ab. 
dominal discomfort, constipation, ere. 
tation, malaise, fatigue, headache, ete. 
Of these, constipation was most con. 
mon, occurring in 65% of the cases. The 
remaining cases were thought to have 
symptoms attributable to amebiasis, 
No attempt was made to ascertain 
the incubation period in this group, 
but it has been said to be quite varia. 
ble, ranging from several days to many 
months.”* The onset was usually insidi- 
ous, although in approximately 10% of 
the cases it was acute and explosive, in 
most cases in association with a more 
severe form of the disease. This figure 
is in accord with previous estimates." 
The most common symptoms are tabu- 
lated in Table 1. It is immediately 
apparent that in this group of symp- 
tomatic amebiasis diarrhea is the para 
mount symptom, occurring in 58.6% of 
the cases. The categories of mild, mod- 
erate and severe are purely arbitrary, 
patients with from 5 to 10 bowel move- 
ments daily being considered moderate 
and comprising the majority of the 
group of those with bowel frequency. 
Alternate diarrhea and _ constipation. 
emphasized so strongly by some,”"" oc- 
curred in approximately 12.5% of these 
cases, and if combined with those pa 
tients manifesting diarrhea alone would 
create a figure of 71.1% or nearly 3 in 
4 patients giving a history of diarrhea. 
Abdominal pain has been said to be 
present in 95.4% of cases of amebi- 
asis, though in this study its incidence 
was 53%. It was most frequently de 
scribed as cramping, intermittent, not 
uncommonly generalized, but more 
usually occurring in the lower abdo- 
men or in localized areas of the abdo- 
men. The periodicity of these symp- 
toms was striking, only 10% to 15% de- 
scribing continuous pain or diarrhea. 
The quality of the stool in the his 
tory varied markedly, some described 
by patients as not abnormal, others a 
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profuse watery diarrhea. Gross blood 
was described by 27.8% of this group. 
\ucoid stools were described by 20.4% 
of the patients. Other less common 
symptoms are depicted in Table 1. Fe- 
yer was described by 11.2% of those 
«ses which were not complicated by 
etra-intestinal forms of the disease (in 
contrast to the 55% of those with hepa- 
titis or abscess), a figure approximat- 
ing that of Karl and Sloan,?° and sup- 
porting the statement of Klatskin?* that 
light temperature elevation is fre- 
quent, but that “high fever almost in- 
variably indicated a complication”. 
Futcher!® thought that fever usually 
was present at onset, but Craig has 
not found this to be true. Urticaria, 
reported in 40% of one group*® was not 
observed in this series. 

The duration of these symptoms va- 
ied greatly, but the great majority 
(71.4%) exceeded 6 months, a fact 
probably to some extent responsible for 
the frequency of persistent symptoms 
oS adequate therapy (vide in- 

fra). Only 3.4% were of less than 1 
at duration and 14% had symp- 
toms, usually intermittently, for great- 
et than 10 years, the longest duration 
recorded being 27 years (2 cases). 

Of interest is the fact that 4 cases 
were subjected to appendectomy (3 in 
this hospital, 1 elsewhere) because of 
doubt about the origin of abdominal 
pain. This is a not uncommon source : 
confusion, and Craig" thinks that “i 
every individual presenting 
of appendicitis an examination of the 
feces should be made, and if found 
(Endameba histolytica) anti-amebic 
therapy should be tried before surgi- 
cal means unless sy mptoms are such as 
to demand immediate operation”. In 
oe series, a third of the cases of ap- 
pendicitis coming to operation were 
found to have amebiasis,!° and Faust*! 
tates that 10% of cases of appendicitis 
have amebic involvement. It should be 
emphasized that if response to anti- 
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amebic therapy in such cases is not 
prompt, surgical measures should be 
taken. Manson-Bahr,*' in a large series 
of cases of amebiasis, found 5.4% com- 
ing to appendectomy and in none were 
Endameba histolytica found. Patho- 
logical examination of the appendices 
removed in this hospital showed no 
amebae, but treatment had been insti- 
tuted in all cases prior to operation. 
PuysicaAL ExAMINaTION. It is a fre- 
quently emphasized fact that the most 
common physical finding in intestinal 
amebiasis is localized abdominal ten- 
usually about the 
cecum or sigmoid. In a large portion 
of this series the physical examination 
was entirely negative, although certain- 
ly the most common finding was ab- 
dominal tenderness, which was ob- 
served in 45% of the chronic cases and 
65.5% of the acute; in the former, ten- 
derness was most common in the right 
lower quadrant, although other areas, 
chiefly left lower quadrant and epigas- 
trium, were frequently sensitive, and in 
the latter, generalized tenderness was 
usually observed. As has been shown 
by others!!:** fever in the chronic cases 
is unusual, being found in only 2.9% 
of this series. Fever was observed in 
50% of the acute cases, and whether 
this is due to secondary infection, as is 
believed by Craig,'' or due to Enda- 
meba histolytica alone is impossible to 
state with assurance, although in no 
acute cases were pathogenic intestinal 
bacteria recovered, despite adequate 
bacteriologic study. That pyrexia fre- 
quently indicates a complication is evi- 
denced by the fact that 66% of the 
cases of extra-intestinal amebiasis were 
febrile. Browne et al.7 showed that fe- 
ver occurred in 64% of complicated 
cases in contrast to 7.4% of uncompli- 
cated ones. In 25% of the chronic cases 
in this series, thickened, easily palpa- 
ble, sometimes tender colons were de- 
scribed. Craig's" statement that in ev- 
ery case in the chronic group weight 
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loss occurs is not borne out by the re- 
corded observations in this group that 
9% appeared chronically ill and anoth- 
er 3% showed evidence of weight loss. 
Actually the preservation of adequate 
gross nutrition was striking, despite 
prolonged bouts of moderately severe 
diarrhea in many instances. 

Opinion concerning indications for, 
and significance of, sigmoidoscopic ex- 
amination vary widely; in his mono- 
graph Craig" states that this proced- 
ure should be reserved for cases in 
which stool examinations are nega- 
tive, and that of all cases examined, 
less than 25% reveal lesions. On the 
other hand, typical discrete ulcers have 
been reported to occur in from 21% to 
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discharge without fully developed ul. 
cers; and 1 case was found to have a 
venous angioma in the sigmoid. In 8.2% 
of the proctoscoped cases the diagno. 
sis of amebiasis was reached by the 
finding of Endameba histolytica in 
smears from ulcerated areas. 
whereas in several of these cases re- 
peated stool examination had previous. 
ly been non-productive. The case in 
which the venous angioma was den- 
onstrated suggests an additional rea- 
son for more frequent utilization of this 
procedure for the revelation of under- 
lying lesions, such as carcinoma, pol- 
yps, lymphopathia venereum, and oth- 
ers, as well as facilitating the diagnosis 
of amebiasis. 


INTESTINAL AMEBIASIS 
PER CENT OF CASES 


TABLE | SYMPTOMS 
PER CENT OF CASES 
| DIARRHEA - TOTAL 71 
MILD 12.5 
MODERATE 31.9 
SEVERE 14.2 
ALTERNATING DIARRHIA 
AND CONSTIPATION 12.5 
2 ABDOMINAL PAIN- TOTAL 53.0 
MILD 22.1 
MODERATE 23.9 
SEVERE 7.0 
3 STOOLS - GROSS BLOOD 27.8 
MUCOUS 20.4 
4 NAUSEA AND VOMITING 16.5 
= 


5 WEIGHT LOSS 14.6 
6 FEVER 1.2 
7 FLATULENCE 9.0 
8 CONSTIPATION 7.4 
9 “INDIGESTION” 7.0 
10 ERUCTATION 6.9 
11 ABDOMINAL DISTENTION 6.2 
12 TENESMUS 5.0 
13 FECAL INCONTINENCE 2.0 
14 SYSTEMIC ( HEADACHE, 28.0 
ANOREXIA, MALAISE, FATIGUE ETC 


90% of cases,°° approximately twice as 
often in symptomatic as in asympto- 
matic cases.?° In contrast to Craig, Al- 
bright and Gordon,? feel that all cases 
should be proctoscoped. In this series, 
61 patients were sigmoidoscoped and 
of these 37.7% revealed no abnormali- 
ties; those showing significant changes 
included: 21.3%, classical discrete un- 
dermined ulcers with normal interven- 
ing mucosa; 16.4%, diffuse hyperemia 
without visible ulceration; 11.0%, ex- 
tensive involvement of the mucosa sug- 
gesting chronic ulcerative colitis; 10%, 
areas of spotty bleeding and mucoid 


Lasporatory Dara. Of laboratory 
procedures, examination of the stool is 
the only method by which a definitive 
diagnosis can be established (exclu- 
sive of extraintestinal amebiasis). It 
cannot be overemphasized that great 
technical skill and prolonged training 
are prerequisites to adequate examina- 
tion of stool specimens. No physician 
without at least 6 months’ training i 
the definitive identification of this par’- 
site should attempt to perform such 
examination. Numerous _ techniques 
have been utilized in isolating the pr- 
tozoa, from simple unstained smears ot 
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the stools to elaborate cultural meth- 
ods. In this laboratory it is felt that a 
minimum of 6 stools should be exam- 
ined, utilizing unstained smears or wet 
tains with Quensel’s stain for tropho- 
wites in loose stools and zinc sulfate 
fotation for cysts in formed stools. 
These preparations frequently need not 
be stained, but, if necessary, hematoxy- 
lin is adopted. Ameba cultures are re- 
srved for those cases in whom several 
stool examinations are negative and in 
whom the disease is clinically suspect- 
ed, or occasionally for confirmation of 
the diagnosis in the presence of cysts 
o¢ trophozoites of uncertain nature; 
however, it is felt that E. coli may oc- 
csionally take on the characteristics of 
E. histolytica in culture and that the 
diagnosis should be made from direct 
stool examination whenever possible. 
Purging is recommended by some to 
facilitate diagnosis, and this procedure 
is utilized in this hospital after several 
uegative stools are obtained and clini- 
cal suspicion persists. It must be re- 
membered that purging may hinder 
the demonstration of the organism for 
several subsequent days.?® A frequent- 
ly overlooked fact is that, not uncom- 
monly, previously administered barium 
ot bismuth may temporarily eliminate 
E. histolytica from the stools.? Differen- 
tiation of the E. histolytica from other 
intestinal protozoa is beyond the scope 
of this paper, but the difficulty is ob- 
vious when one realizes that 32% of 
these cases had concomitant infestation 
with E. coli, E. nana or Dientameba 
fragilis. 

Cross examination of the stool re- 
vealed that in 34% liquid or semi-liquid 
stools were passed by the patient on 
admission; the remainder were formed. 
Gross blood was observed in only 15 
cases (8%), a figure considerably be- 
low the incidence described by the pa- 
tients (vide supra), but tests for occult 
blood were positive in 20.5% of the 
cases. In the great majority of these 
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cases stool cultures for intestinal bacte- 
rial pathogens were performed, and in 
only 4 cases (2.3%) were the results 
productive, in contrast to the oft-quot- 
ed figure of 10% offered by others.*:* 

Anemia (hematocrit below 36), 
thought to be common by Futcher,’® 
was found in only 5% of uncompli- 
cated cases, although it occurred in 
50% of those with complications. 
Likewise, leukocytosis exceeding 
12,000 was present in only 5% of 
cases in whom it could be ac- 
counted for by no other means, though 
65% of those with hepatic complica- 
tions revealed a leukocytosis, usually 
with a shift to the left in the hemo- 
gram. Eleven cases (6.2% ) demonstrat- 
ed an otherwise inexplicable eosino- 
philia. (greater than 10%), a fact that 
is in accord with other reports'’ in 
which the rarity of eosinophilia is en- 
countered and with the statement that 
one must suspect co-incident infesta- 
tion with helminths when this find- 
ing is noted.? Elevation of sedimenta- 
tion rate was noted in 22% of uncom- 
plicated cases in contrast to the state- 
ment of Klatskin?* that this test is usu- 
ally normal. In hepatic complications, 
sedimentation rate was elevated in 30% 
of cases, a figure considerably below 
the 81% quoted by Klatskin.*® 

The complement fixation test, found 
by Craig" to be highly specific, was 
employed in only 5 of these cases and 
in every case it was negative. This re- 
sult lends support to the statements of 
others that with present technique in- 
complete reliance can be placed on 
this test.**:+1 When a more satisfactory 
antigen is available, this test should be 
a most useful instrument, as empha- 
sized by Craig. Attempts to correlate 
agglutinations of E. histolytica cysts 
with infection have been unsuccess- 
ful,?° and to date the complement fixa- 
tion is the only serologic test of any 
degree of usefulness. 

Barium enemata were carried out in 
74 cases in this series. Of these 25 


34 were entirely normal. The re 


maining 66% revealed abnormalities: 


a) mucosal pattern, usually in the re- 


gion of the cecum or sigmoid, although 


several revealed more extensive in- 
volvement b) 24% were reported as 
showing a “spastic colon’; (c) the re- 


maining 9% revealed various evidences 


of abnormality, including polyposis 


diverticulosis and chronic ulcerative 


colitis. The most characteristic Roent- 
gen-ray changes are said to be cecal 
irregularity and deformity with incom- 
petence of the ileocecal valve.** Inci- 
dence of abnormal findings have been 
variously recorded from to 
100%?" and our figure falls within this 
range. Craig'! feels that barium enema 
cannot be accepted as of much value; 
but oun experience in which 9% of the 
cases demonstrated other abnormalities 
of significance would lend support to 
the teeling expressed by Browne et al.’ 
that 


helpful in eliminating other diseases, 


a negative barium enema is 


2) finding of typical changes tends to 
support the diagnosis and (3) finding 
of granulomatous changes which _ re- 
spond to anti-amebic therapy is “as- 
suring. Roentgen-ray examination of 
the chest is almost universally accepted 
as being of value in cases of hepatic 


and pulmonary 
where changes ranging from elevation 
and fixation of the right diaphragm to 
pleural and pulmonary in- 


volvement are observed. In this series, 


extensive 


SO% otf cases of hepatic involvement in 
which a chest roentgenograph was 
made revealed elevation and fixation of 
the right diaphragm with or without 
atelectasis in the right lower lobe, a 
figure approximating that of Sodeman 
and Lewis (81% ).48 

Other laboratory studies were of in- 
constant Abnormalities of the 
urine were found in 12% of cases with 


value. 


hepatic lesions (albuminuria, occasion- 
al hematuria, pyuria, cylinduria), but 
in only one intestinal amebiasis was al- 
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buminaria which was otherwise ine 
plicable encountered. Tests of liv 
revealed signiticant abnorma 
ities in 35% otf those cases with liver in 
volvement. Agglutinations tor enter 
pathogenic bacteria were positive in o 
ly 1 case, though pertormed in mo 
and 4 patients showed an unexplains 
to 16% 
were eosinophils re ported in the stoo 


although Futcher reports that this 


finding was present “in many case 


monocytosis ( 1] In no ca 


Charcot-Levden crystals are said to | 


suggestive of E. histolytica,'' but wer 
described in no case in this series 


CompLications. Endameba histoly 


ca is capable of invading practically | 
tissues and organs, but invasion occurs 
as secondary involvement to primary 
intestinal disease in the great majority 
of cases. Involvement of the liver is th 
most common of the more serious com 
plications. The correlation between |i 

er abscesses and E. histolytica was first 
pointed out by Councilman and La 
fleur,!” but. it 
to clarify the distinction between hepa 


remained for Rogers* 
titis and abscess formation. The proto 


zoan may reach the liver by (a) di 


rect extension from the bowel wall 
(b) lymphatic spread or (c) via th 
portal vein, and after reaching this or 
gan produces colliquative necrosis and 
disintegration with invasion of sur- 
rounding parenchyma by motile amé 
bae.** Liver involvement occurs in from 
22% to 55% of cases at autopsy, thoug! 
clinically from 1.8% to 21% of cases ol 
amebiasis have recognized hepatic |e 


sions.'' It is probable that many cases 
of hepatitis and abscess are unrecog 
nized, since autopsy experiences 1 di 
cate a_ significantly 
though it must be said tha 


greater  ncl- 
dence,!!-*4 
many fatal cases of amebiasis occur on 
the basis of liver involvement. That 
patic manifestations may occur inde 
pendently of gastro-intestinal s) np- 
toms is common knowledge, thoug! b\ 
correlating clinical and autopsy evi 
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of enteric disease Rogers* 
that 96% of hepatic cases had 


t 


The 


males 


intestinal amebiasis. 


predominance of 


has never been adequately 


uned 


\ history of preceding diar- 


is obtained in from 25%*8" to 
nd E. histolytica is found in the 


In one series ap- 


itely 50 had, clinically, abs- 
formation, the remaining being 
dered hepatitis.** In this series, 20 
LO demonstrated liver in- 
vent, and of these, 17 were con- 


hepatitis, 3 amebic abscesses: 
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($4.5% ), local pain in the region of the 
LOO% ), 


weakness 


liver (75% to nausea and vom- 


99 1¢ 
iting (22.1% anorexia, and 


others (52.2' 


jaundice (10.5%). In 
this group fever was present in 66%, 
pain in the region of the liver in $5% 
and jaundice in only 5%. The pain was 
frequently sudden in onset and exacer- 
bated by respiratory effort. Its intensity 
varied with the duration, usually being 
more severe in the acute hepatitides. 
and continuous in most cases, irrespec- 
tive of the duration. It is interesting to 
20% ) had been treat- 


ed prior to the development of hepatic 


note that 4 cases 


of these cases were found to have complications with anti-amebic drugs 
tolyt in the stool, though fre- usually 6 months to 2 years prior to the 
itlhy only after exhaustive search, development of hepatitis, vet these 
PHYSICAL FINDINGS IN UNCOMPLICATEL YTESTINAL AMEBIASIS 
\CUTE 
ABDOMINAL TENDERNES 
TOTAL As 
).O% GENERALIZEL | 
% LOCALIZED RLO 
6.! OTHERS .0° 
ABDOMINAL DISTENTION 5.05 
UNDERNOURISHED , CHRONICALLY 
PALPABLE, THICKENED COLON 6. 
FEVER 
15% gave a history of antecedent cases were stool positive on admission 
lea, One as long as § years prior — to this hospital. Physical findings could 


ce elopment of hepatitis. 


tskil classifies amebiasis of the 
nto (a acute amebic liver abs- 
b) acute amebic hepatitis, (c 


ute amebic hepatitis, (d) chron- 
chronic 


if hic 


hepatitis ‘ey 


ibscess, though in his series 
lattes 
there were 4 
te hepatitis (20%), 6 


e he patitis (35% ), 


f th were observed. 
cases 
cases of 
5 cases of 
hepatitis (25%), and 3 liver 


es, all of 


subac ute 


which could be con- 
De- 
tabulate symptoms of amebic 
nent of the 


Ochsner and 


liver as fever 


be closely correlated with the symp- 

toms, all of these cases appearing acute- 

SO% 


(figures which approximate those of- 


revealing liver 
hepatomegaly. 


ly or chronically ill 


tenderness, and 


ore 


fered by other observers)?" 35% 
showed signs of atelectasis, some with 
pleuritis, at the right lung base, and all 
were found to have splinted and ele- 
vated right diaphragms, frequently with 
bulging in the right lower interspaces. 
The frequency of pleurisy with or with- 
out effusion in association with amebic 
hepatitis has led Carruthers* to suggest 
that any patient demonstrating tender 


hepatomegaly, high diaphragm and 


| 
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leurisy warrants anti-amebic the rap) 
Amebic ibsee Sses nay rupture into the 
cavity parenchyma 01 bronchus 


of the lung, peritoneal cavity, peri 


lium, stomach, large or small bowel 
| } 


LUT DAal 


muscle or skin, giving rise to 
the dire complications which are self 
though the 
rupturing into a bronchus is less 


th ill th it ito 


ipparent prognosis 


GTAVE 


a close d cavity 


Primary amebiasis of bronchi and 


lung has been said to occur,!! but 
pulmonary involvement is almost al 
wavs secondary to he patic disease. An 
ilmost universally fatal complication of 
umebiasis is metastatic involvement of 
the brain, which fortunately is rare 
giving rise to symptoms and signs of a 
Cere bi i ibscess Two Sue h cases were 
ybserved in this series of the to- 
] 


tal Oli 


of which died atter extension 


into the meninges, with the develop- 


ment of a rapidly fatal meningitis, the 
second of which was a presumptive 
diagnosis and 


followed in this hospital. 


unfortunately was not 


\mebic granulomata are not uncom- 
mon and may simulate carcinoma of 


the large intestine sometimes 


causing intestinal obstruction. abscesses 


or perforation. These lesions may re 
quire surgical removal*” and it is felt 
by some they may lead to malignant 
degeneration; Read and Anderson* re 
port 4 cases in which carcinoma of the 
large intestine followed or accom- 
pani d amebic infection. In this series 
| case of presumed amebic granuloma 
was seen and 4 cases of amebiasis in 


adenocarcinoma of the colon 


whom 
was found. Amebiasis may frequently 
involve the appendix, simulating acute 
ippendicitis (vide supra), but may also 
simulate other causes of an acute surgi- 
( il ibdomen One Case in this series 
of amebic peritonitis was observed, al 
though the primary site of involvement 
of the peritoneum was not ascertained 


ar spite 2 laparotomic s. This complica 
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tion may arise from hepatic or intes 
nal invasion 

Other complications include perto 
tion, massive intestinal hemorrha, 
amebic cholecystitis, splenitis, urina 
tract involvement, gastritis, enteriti 
arthritis,” prostatitis and others, n 
of which were observed in this series 

The most common complication 
this group was the development 
chronic intestinal symptoms includ 
chronic ulcerative colitis, regional « 
teritis, and others. Of this series of 205 
cases, SS tollowed 
after discharge from the hospital; he 
IS cases 


mptoms 


were adequate ly 


evel 8.8% ) had persisten 
while in the hospita 
despite treatment which was successti 
in elimination of E. histolytica from the 
stools. Five patients in whom the pi 


ture of chronic ulcerative colitis was 


absent on the first admission proceede 
after therapy to develop the classic 
features of this disease, and anothx 

had developed this syndrome prior t 
admission in a manner suggesting th 


possibility of an etiologic connec 


with amebic infection a tota 


ot 12 


ulcerative colitis developed. Another 


eases (5.9%) in which chronic 


group of 18 underwent a relapse fol- 
lowing discharge and on readmission 5 
were found to be stool positive; an ad 
ditional 4 cases gave a history of ade 
quate anti-amebic therapy elsewhet 
prior to admission to this hospital 

were found to be stool positive here 
\ total, therefore, of 52 cases approxi 
mately 25% of the entire group of 205 
cases. noted pe rsistence or recurrenc 
of severe intestinal symptoms ses 
with persistent mild diarrhea were e) 


cluded 


be adequate therapy, although o 


following what was assumed t 


cases (2.9% of those who were actuall 


given anti-amebic therapy underwe! 

stool positive relapse, or reinfecti 
Dracnosis. The diagnosis shou 

suspected in all patients with intestina 


symptoms; it is established, how evel! 


j 


i¢ 


t 
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the finding by direct ex 


ition or culture of Endameba his 
n the stool, urine, sputum 
ing ises, etc., or from other tis- 
D\ the emetin therapeutic 
in extra-intestinal involvement 


s can be strongly suspect dl 
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of hepatitice s) and in all cases of hepa- 
titis, emetine therapy should be. insti- 
tuted prior to surgical procedures.**' 


Opinion concerning its use in intestinal 


amebiasis is divided: some feel that 
emetine should never be used in 
uncomplicated intestinal disease.*-*' 


presence of a positive comple- though most observers feel that it is 
fixat test, but the organism useful in alleviating the symptoms of 
be demonstrated for a definitive acute many feel 
ion. The disease in which difler- that in view of the known tissue in- 
diagnosis is necessary most fre- vasion in all cases. emetine should 
ly is bacillary dysenterv, and the routinely be combined with iodine or 
\pal table (Table 3) modi-  arsenical More re- 
n Craig!! outlines the essential cently emetine administered orally in 
ential features enteric coated tablets has been found 
ATMENT. Every case, irrespective highly effective and free of significant 
mptomatology, deserved adequate — toxic effects in a small series.“ Eme- 
tment in view of the known © tine in combination with bismuth and 
RENTIAL DIAGNOSIS FROM BACILLARY DYSENTERY 
MODIFIED FROM CRAIG? 
AMEBIC BACILLARY 
HRON NDE MIC ACUTE, EPIDEMIC 
3 AYS T INCUBATION SUALLY< | WEEK 
NSET ACUTE ONSET 
M ERMITTEN R N FEW DAYS 
A HEPAT INVOLVEMENT —-+R——LIVER RARELY INVOLVEL | 
KENED WITH LOCALIZED GENERALIZED ABDOMINAL 
NDERNES: TENDERNE 
R NO TENESMUS ———+#—— SEVERE TENESM 
ARTHRIT - ASSOCIATED ART T NOT UNCOMMON 


invasion and the possibility ot 
The treatment 


remains somewhat proble- 


complications. 


hailed 


agent 


emetine as a 


Rogers* 


curative in this disease 
nd-a-half decades ago, this drug 
bably been the most extensively 
the amebicides. It is a generally 
ed fact that parenteral emetine 
rgely on tissue forms and is not 
ful in eliminating intestinal ame- 
iat it is the drug of choice in 
testinal 


rh it 


l 
iil 


imebiasis is undisputed 
a recent report, it was 
yy Conan® that chloroquine was 
all of a small series 


In curing 


iodine (EBL). has been found the most 


useful medicant by the British.':' 

Emetine is a toxic drug, the action 
of which is cumulative and the fre- 
quency of untoward side effects is 
widely recognized, and, for that reason 
it must be used with caution. Enda- 
meba histolytica has been shown to be- 
come resistant to emetine'®*? and 


Manson-Bahr feels that the widespread 
use of emetine during the war years 
has been a major factor in producing 
refractory cases of amebiasis.*! In this 
series, emetine alone was used in only 
5 cases, 3 of whom had persistent di- 
arrhea following treatment, and one of 
whom was not followed, although these 
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cases became, temporarily at least 
stool negative. Eight cases gave a his- 
tory of previous emetine therapy and 
were found here to be stool positive. 


No untoward effect 
any case treated with emetine except 


was observed in 


transient electrocardiographic changes 

in 2 cases and occasional local irrita- 
tion. 

The iodine-containing drugs, chinio- 
fon, diodoquin and vioform have been 
found to be of great usefulness in treat- 
ing uncomplicated amebiasis, iodine 


That the 


iodine in the compounds is absorbed 


being a direct amebicide. 
has been shown by the use of the radio- 
active element in chiniofon.* The thera- 
peutic efficacy of these drugs ranges 
trom 8S to 
The incidence of toxicity is negligible, 
except for occasional diarrhea observed 
with chiniofon (per os). Slight diarrhea 


when used. alone. 


was seen in 4 cases in this series who 
were treated with chiniofon, none in 
with vioform or diodo- 
their ef- 
ficacy in this series is impossible since 


those treated 
quin, Accurate evaluation of 
the great majority were combined with 
emetine or arsenicals, though no stool 
positive relapses were observed except 
in One case in which Yatren (chiniofon 
was used by retention enema in com- 
bination with parenteral emetine. 
\rsenic, likewise a direct amebicide, 
has been used in various forms in the 
treatment of amebiasis, but by far the 
most satisfactory, and least toxic form 
is carbarsone, either orally or by reten- 
Satisfactory results have 
been obtained in from 75 to 95% of 


tion enema 


1.17.18.32 


cases Faust’? has found ear- 


barsone to be only 75% as efficacious 
as chiniofon and the greater incidence 
of toxic 
looked,*! particularly in the presence of 
liver disease. It is felt by some that 
arsenical therapy in combination with 
iodoquinolinic medicaments is the most 
satisfactory mode of therapy." 

Combined therapy with several of 


reactions must not be over- 


AMEBIASIS 


the above-mentioned drugs has_ be 
used in our series and the variations 
the method have been so extensive tl 
statistical studies of each combinati 
would be insignificant. However, thi 


overall results in elimination of thi 


organism by utilizing several dr 


have been gratifving (2.9% relaps 
although not superior to that obtair 
in the small number of this series 
which arsenical or iodoquinolinic 
apy alone was used. 

Many other drugs have been used 


this disease including Kurchi-bark, en 


tineperiodine amemitine, chaparra m- 


' trilactic 
acid,*® and penicillin,”* but results ha 


argosa, bismuth sub-nitrate,"! 


been inferior to date to those obtaine: 


with the more conventional drugs. 
In view of the frequency of second 
ary bacterial invasion, it has been tre 


quently suggested that  sulfonamid 


and we might add 


and, or, penicillin 
streptomycin be 
seems to be based on logical reasoning 


In this series, such therapy was used i 


no instance, although it is conceivabk 


that in certain fulminating cases anti- 


biotic or 
should be a useful adjunct to amebi 
dal therapy. 


Mortrauiry. In contrast to the mot 


tality rate prior to the institution ol! 


(Futcher, 23.5' 


the prognosis is now regarded as ¢ 


modern therapy 


lent, usually depending on the basis o! 


rar mmplicatic 


and treatment are established, fatalities 
should practically be abolished. In this 
series, the total mortality was 3.3%, 0! 


which only 1.4% (3 cases) could be at 
tributed to amebiasis. 
not followed adequately after trea 


ment, and it is possible that the mo! 


All cases wel 


tality might be 
those deaths in which histolvyti 
could be incriminated as the respons! 
ble agent, 1 died of liver abscess, con 


plicated by cerebellar abscess an 


meningitis, 1 of persistent ame)ias 


and this 


chemotherapeutic agents 


and, if early diagnosis 


somewhat higher. O! 


quat 


shor 
stud 


relay 


2 
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ding to 


chronic diarrhea not re- 
repeated courses of ame- 
lal therapy and ileostomy, and | 


the classical picture of regional 


ritis. The remaining 4 deaths were 
to Hodgkin's disease (one), tera- 

om and adenocarcinoma of 
olon (two \utopsy was obtained 


ill of whom had adequate anti- 


bic therapy, and no amebae were 
ionstrated in 5 although present in 
case with the cerebellar abscess. 

OMMENT. This analysis of 205 cases 
reafirmed 
ious reports in which the protean 
re of the 


al COUTS¢ 


proven amebiasis has 


disease with its varying 
and frequent paucity ot 


sical findings have been described. 


Diarrhea has been shown to be the 


nost symptom and localized ab- 


nal tenderness the 


most common 
ical finding. The incidence of com- 
tions has approximated the classi- 
figures, that of hepatic involvement 

foremost, and extension to the 
s, peritoneum, brain and elsewhere 


common. The diagnosis is made on 


the basis of demonstration of E. his- 
ca, or a rapid therapeutic response 
ietine. Treatment is probably best 
iplished by the use of iodoquino- 
ompounds in uncomplicated ame- 
reserved for 


Emetine should be 


dysentery (for symptomatic con- 
and extra-intestinal involvement, 
gh one could not be condemned 
mbining emetine with arsenical 
ne compounds if so desired, and 
mbination of more than one drug 
cated in resistant cases. It cannot 
eremphasized that all patients 
ing the 


therapy, and all treated cases 


organism deserve ade- 


with serial stool 
‘atment reinstituted if 
t appears that the feel- 
g expressed by Adams! that the actual 


be followed 
and tre 


occurs 


r ition of drugs is less important 
e period of time over which a 
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number of drugs is given can be sup- 
ported. 

That certain cases of amebiasis be- 
come intractible to all therapy has long 
been recognized,!"!! and in this series 
one patient died of what seemed to be 
On the othe: 


persistence of diarrhea, ab- 


intractible amebic disease. 
hand, the 
dominal pain and other symptoms sug- 
gestive of the persistence of amebiasis, 
in the 
tozoa in the 


absence of demonstrable pro- 
has likewise been 
11.13 [ny this lat- 


ter group, it may sometimes be difficult 


stools. 


frequently catalogued.? 


or impossible to distinguish the post- 


amebic intestinal changes, from. the 
co-incidental occurrence of amebic in- 
fection in patients with spastic or mu- 
cous colitis or chronic non-specific 
ulcerative colitis. The most striking re- 
sult of this study is the fact that in 25% 
of the cases, gastro- intestinal symptoms 
of moderate to severe degree persisted 
after what is assumed to be adequate 
therapy, and that of these 5.9% de- 
veloped or had developed the features 
considered diagnostic of chronic ulcera- 
tive colitis, namely, proctoscopic and 
Roentgen-ray changes with persistent 
bloods diarrhea. 


The high incidence of 


chronic 
infection in 
asymptomatic carriers engenders doubt 
in the that the chronic 
diarrhea seen after eradication of the 
organism is the result of its presence 
previously in the tissues,*® and others 
feel that “many patients become bowel 
invalids because of a neurogenic tend- 
ency. * 


minds of some 


That amebiasis may result in 
chronic ulcerative colitis has been pre- 
viously and it has been 
suggested that all cases of chronic ul- 
cerative colitis be given a trial of anti- 
amebic therapy.*° In one group of 140 
cases, 29.1% demonstrated persistence 
of diarrhea in the presence of nega- 
tive stools, a figure approximating the 
25% of this series. Craig'' emphasizes 
the fact that single attacks of amebiasis 
usually show no complication compar- 
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ible to this, whereas “frequently thos« 
persons with repeated attacks develop 
chronic diarrhea which .. . “may imi- 
tate sprue Howard?! tound that 73% 
of a small series of ameba “carriers 
underwent symptomatic relapse after 
idequate therapy. 

The difficulty involved in clearly dis- 
tinguishing those cases of spastic co- 
lon” with concomitant amebic infesta 
tion trom the cases in which irreversible 
intestinal changes have developed on 
the basis of amebic activity is apparent. 
Phat post amebic colitis exists is not 


disputed but that careful study is nece- 


essar\ to establish its 


presence IS 
emphasized. Careful scrutiny of the 
histories of those patients who had 
developed by the time of admission, o1 
subsequently developed chronic ul- 
cerative colitis reveals evidence that in 
at least 9 of the 12 cases, the history 
and physical findings, correlated with 
the original proctoscopic examination 
strongly suggest an amebi patho- 
genesis of the chronic disease of the 
colon wall. In 3 cases the evidence was 
equivocal. The majority of cases de- 
monstrated temporary improvement in 
symptoms and in proctoscopic findings 
coincident with anti-amebic therapy 
only to relapse at a later date without 
vide nce ot E 


Of the remaining 19.1% of our pa- 


histolytica in the stools. 


tients, in whom abnormal intestinal 
symptoms persisted, usually intermit- 
tent diarrhea and abdominal pain, 
many have received subsequent courses 
of amebicidal drugs, frequently with 
temporary improvement, though symp- 
tomatic relapse was forthcoming, and 
in these patients proctoscopy revealed 
either normal mucosa or diffuse hy- 
peremia. Nine cases (4.4%) had disease 
of the large intestine which could ac- 
count, at least in part, for the symp- 
toms, 8 diverticulosis, 1 polyposis; but 
the remainder had no evidence de- 
monstrable of other disease processes. 
Further therapy was notably unsatis- 
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factory in this group. In 16% of th 
group with persistent symptoms, it was 
felt that a large personality element 
was involved, and the patients w 
discharged with diagnoses of “gastro 
intestinal neurosis,” 


intestinal tract,” and the like, although 
symptoms referable to the gastro-intes- 


“spastic gastro 


tinal tract prior to the onset of symp 
toms which suggested amebiasis wer 
usually absent. Unfortunately, defini- 
tive personality studies were not carried 
out in the great majority of these pa 
tients. 

The fact that 25 


in this hospital in whom amebiasis was 


of the patients See] 


diagnosed continued to have symptoms 
after treatment demands that, in the 
future, careful study of personality 
large bowel mucosa, and therapeuti: 
response be mace in all Cases harbor 
ing this parasite. Follow-up studies 
must be cautious and prolonged, and 
therapy reinstituted in the presence of 
a relapse. Care must be taken to avoid 
over-treatment with emetine and t 
provide proper general medical and 
hygienic care with special emphasis Ol 
avoiding the “bowel consciousness at- 
tendant on the development of such a 
disease, and psychiatric therapy insti- 
tuted when necessary, though it seems 
probable from this study that the per- 
sonality factors are less prominent it 
persistent post-amebic diarrhea that 
has been emphasized by some. 

SumMary. 1. The 205 cases of prov- 
en amebiasis seen in The Johns Hop 
kins Hospital in the period exter ling 
from 1936 to 1946 inclusive have beer 
reported. 

2. The symptoms, physical findings 
and laboratory data have agreed rela- 
tively closely with those previous! de- 
scribed. 

3. The 
stool-negative diarrhea has been s!:ow? 


95% and the total inciden ol 


incidence of post-ai bic 
to be 
development of chronic ulcerative coli- 
tis to be 5.9% 


Ole 
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Tue subject of non-suppurative thy- 
roiditis has been of interest mainly to 
the surgeon and pathologist because 
the diagnosis has usually been made 
only at the operating table or in the 
pathologist's laboratory. Indeed no 
necessity for distinguishing between the 
various forms existed since the therapy 
for all thyroiditis 


same; ie. thvroidectomy. We believe 


forms of was the 
that it is possible to distinguish one 


group of cases subacute thyroiditis 
in which the diagnosis can be made 
with cer- 


tainty and in which operation may not 


preoperatively reasonable 
be necessary. 

Cases of non-suppurative, nonspecific 
thvroiditis have been broadly classified 
into Hashimoto’s struma (struma lym- 

Riedel’s 
after the men 
who first carefully described the patho- 


struma 
two 


phomatosa ) and 


struma fibrosa ) 
manifestations of 
tive conditions. Generally in- 


logical and clinical 


the resyy 
cluded in with the struma fibrosa group, 
either 
or not, is a third group of cases, first 


studied in detail by DeQuervain® in 


as a recognized named variant 


1904 and carefully reviewed and classi- 
fied by him in 1936." This group has 
been variously titled subacute thvroid- 
itis, giant cell thyroiditis or pseudo- 
tuberculous thvroiditis according to 
whatever characteristic impressed the 
particular 


pathologist reviewing the 


slides. It is this last group of cases 
that we believe forms a distinct patho- 
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logical and clinical entity, and is not 
merely a stage in the formation of an 
eventual struma fibrosa. This view was 
expressed originally by DeQuervai: 
and more recently by Crile. 


word of historical clarificatior 
might be in order concerning Riedel’s 
1896 and 1897 Riedel 


described 3 cases of “iron hard” thyroid 


struma. In 


enlargement which he wished to dis- 


tinguish from carcinoma. 
thereafter other similar cases were 
Tailhefer,*®  Silatschek 
Spannous** and Carle.’ 

When therefore in 1910 Riedel?! pre- 


sented a 15 vear follow-up of 1 of his 


ported by 


original cases he could describe a t p- 
ical case as one occurring in a voung 
individual who would present signs of 
a subacute enlargement, and induratior 
of the thyroid accompanied by sever 
dyspnea. Duration of symptoms was 
short; 6 weeks, S to 10 weeks and 
months in the 3 original cases. All pa- 
tients were afebrile and all goiters wer 
non-tender. 

The original microscopic descriptions 
detailed, 
accumulation of 


were not very mentio! ne 


only an round cells 
and spindle cells which appeared t 
crowd out the normal follicles, a slight 
endarteritis and a rapid growth 0 
From th 
is quite apparént that he did not de- 
scribe the painful, febrile type of thy- 


voung connective tissue. 


roid enlargement which characterizes 
subacute thyroiditis. If we wish to bé 


Following ° 


filt 
ai 
tl 
] 
Nir 
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curate in our classification, we should 


ses contorming most 


it the term Reidel’s struma to those 


closely to the 


nical and pathological description 


entioned, with the realization that 
inv unrelated conditions will be in- 
ided until discovery of etiological 
factors makes classification ra- 
nal 

In 1912 Hashimoto'! described an- 


other form of diffuse enlargement of 


thie 


thyroid gland characterized micro- 


scopically by diffuse lymphocytic in- 


and destruction of acinar 
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Eckerson.2,) McClintock and Wright,°° 
Lee,” McSwain and Moore,*' Gra- 
ham,'” Crile,’ Schilling®® and Marshall'* 
have thrown the balance of opinion in 
favor of this later view. Particularly 
convincing is the tact that several au- 
have reported cases of 
with further 
operation after intervals up to 4 years 
in which the microscopic — picture 
underwent little or no change. How- 
ever, it must be admitted that 
glands encountered which have 
characteristics of both conditions and 
that a 


struma lvmphomatosa, 


some 
are 
between 


suggest borderland 


tuberculous, et cetera, and also 
Riedel’s struma. 
in 1922 


ving® 
Riedel 


sf. 


expressed the opinion 
Hashimoto had de- 
different stages of the same 
This view held sway until 
im® in 1931 reviewed the 104 re- 
d cases that could be found and 
ntrasting the clinical courses con- 
| that the two conditions were 
lly and pathologically distinct. 
then reviews by Joll,'* Clute and 


and 


ments. He distinguished this condi- the struma lvmphomatosa and fibrosa 
TABLE I. -- SUBACUTE THYROIDITIS 
Microscopic Pathology 
Infiltration 
Lymph follicles with Lymphocytes & 
Type volvement Tubercles Giant Cells Fibrosis germinal centers Plasma cells Poly 
Numerous Numerous Dense 8) Numerous 2+ 
Numerous Numerous Dense ) Numerous 3+ 
Moderate Mode rate Dense Nume rous }+ 
Numerous Moderate Dense oce Numerous 
Nume rou Numerous Mod. dense Nume rous 
Numerous Nume rous Dense oct Nume rou 
Nume rou Numerous Dense’ Numerous 3+ 
Numerou Numerous Dense Numerous 4+ 
ade ent 
ade wma res 
from the specific thyroiditis, syph- may exist. Graham'? in 1940. stated 


that “the microscopical findings alone 
are not sufficient to distinguish be- 
tween Hashimoto and_ Riedel’s or 
between these and certain cases of 
exophthalmic goiter, chronic inflamma- 
tion, degeneration and fibrous replace- 
ment in and adenomata and 
involutional changes in senility.” 

From 1595 thvroidectomies _ per- 
formed in the past 8 years, we have 
selected 24 cases of non-specific thy- 
roiditis and find that they follow the 


around 


rr 
(3) 
Si 
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following 3 subgroups: Pseudotubercu- 
olus subacute thyroiditis, struma fibrosa 
and struma lymphomatosa. An illustra- 
tive example of each is presented. 

SUBACUTE THY- 
ROIDITIS—S CASES, INCIDENCE 0.5%. 

These pa- 


PSEUDOTUBERCULOUS, 


Clinical Characteristics 
tients usually have no previous history 
of thyroid dysfunction or of any other 
endocrine disorder. The age range is 
wide, from 10 to 65 vears, in the cases 
of DeQuervain, the largest number oc- 


curring in the second to fourth decades. 


Our cases in this group range from 36 
to 61 years, averaging 43 years. Fe- 
males predominate in this series 7 to 1. 
Crile’s* cases showed a 6:1 ratio and 
DeQuervain’s a 2:1 female-male ratio. 
Only 2 of the women were postmeno- 
pausal, surgically induced in both. Four 
of the women had had pregnancies in 
the past. Symptoms of local and sys- 
temic disease were present though the 
former predominated. Pain, in the thy- 
roid region of the neck or in the pha- 
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rvnx or reterred to the ear, was tl 


outstanding symptom in all cases ar 
n 6 of the 8 cases was fis initial sym} 
tom. Associated with the pain was 
thyroid 


tender enlargement of the 


either diffuse or localized, and sym 


toms of tracheal pressure such 

hoarseness, cough, choking sensation 
pain on swallowing and 
Fever, at some time during the cours 
ot the 


common sign of svstemic disease, being 


illness appeared as the most 


present in 6 cases. Of the 6 febril 


cases, the pyrexia Was present at the 
were fel ile 
Nothing char- 
acteristic was found in the temperatur 
One patient ran a spiking tem- 
perature to 104 daily, others stayed 
consistently at 101 to 102. Duration 0! 
fever was from 2 days to 8 weeks. A 
significant weight loss of 10 to 12 |bs 
was noted i 


onset, in 3 cases, and 
at the time of operation. 


curve. 


5 cases. Onlv one pat ent 


presented al evidence of hyper: 


thvroidism including nervousness, pal- 


ce 
t 
ol 
\\ 
rar 
\ 
CI 
dy 
B) 
+} 
14 
wi 
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pitation, tremor and heat intolerance, 
vhich preceded the onset of fever by 
everal — The details are given 
iter in Ca The duration of symp- 
toms etal he 2 weeks to 1 year, 
with 6 cases less than 2 months. 

At physical examination, the thyroid 
vas usually found to be enl: irged 2 2 to 
} times the normal size, either firm or 
stony hard, and invariably tender. Bi- 
lateral involvement was apparent in 6 
of the 8 cases. No enlarged cervical 


lymph glands were ever palpated. In 
trachea clinically 


only 1 case was the 


STRUMA FIBROSA AND STRUMA LYMPHOMATOSA 521 


At operation the glands encountered 
were pale gray and very hard. Some 
were described as woody and others 
as stony hard or cartilaginous in con- 
sistency. In 5 of the cases, the thyroid 
was adherent to surrounding muscles. 
In 4 cases the gland was describe d as 
friable or brittle and in 3 cases poor 
vascularity was commented upon. A 
bilateral subtotal thyroidectomy was 
done in all but 1 case. The postoper- 
‘ative course was invariably uneventful. 
Follow up examinations were unfortu- 
nately not obtainable. 


1 A.—Subacute Thyroiditis: 


X 84 


deviated from the midline. In one other 
case, the skin of the neck was red and 
warm. Laboratory data yielded little 

iable information. Sedimentation 
rates, when done, were markedly ele- 
vated. White counts were slightly in- 
creased. Four patients who were febrile 


during hospitalization had_ elevated 
BMIR’S of +7, +24, +30 and -+55. 
Sserim cholesterol determinations in 
th t cases were 132, 174, 141 and 


. rye. 

4) per 100 ce. respectively. Kline tests 

Ww! done were negative. 


ant cells radially 


A typical tubercle consisting of a surrounding zone of round cells and 
connectiv tissue and several multinucleate gi 


arranged about a central drop of 


Etiology: The etiology of the disease 
is comple tely obscure. The work of the 
past is difficult to unravel since the 
condition when encountered clinically 
and allowed to subside spontaneously 
has been called acute or subacute non- 
suppurative thyroiditis. Yet the same 
syndrome when operated upon has 
been called Riedel’s disease. Thus De- 
Courcy* in discussing the role of peri- 
thyroiditis in the etiology of what he 
supposed to be Rie del’s struma was 
actually studying 2 cases of non-sup- 
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purative thyroiditis. Crile,* on the other 
hand, demonstrated by biopsy _ his 
view that the two conditions were iden- 
tical. All attempts to isolate a bacterial 
agent have been unsuccessful. Blood 
cultures during the acute stage of 1 of 
our cases were uniformly negative. It 
is also hardly conceivable that a febrile 
condition going on for weeks to months 
could be due to a reaction of the gland 
to direct invasion or toxic effects of the 
ordinary bacteria of the nasopharynx, 
as maintained by Schilling.*° Sufficient 
numbers of cases have been treated 
with penicillin and sulfadiazine, in 
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Pathology and Pathogenesis: Grossly, 
the gland appears to be uniformly in- 
volved and to be firm in consistency 
grey white or pale brown in color and 
dense white fibrous strands can be seen 
traversing the cut surface. The average 
amount of tissue removed in the bi- 
lateral subtotal operations was 24 gm 

On microscopic examination, the 
following features are apparent: 

(1) A dense, young, cellular, con 
nective tissue proliferation circumscrib- 
ing the lobules and separating them 
widely. 


(2) 


Destruction and degeneration of 


Fic. 1 B.—Subacute Thyroiditis: An area with numerous well preserved and degenerated 


polymorphonuclear 


doses adequate to control the bacteria 
of the respiratory tract, without affect- 
ing this syndrome, to make it unlikely 
that these bacteria are the etiological 
agents. No virus work has been done. 
Tuberculosis and syphilis are effec- 
tively eliminated as etiological agents 
by the uniform absence of tubercle 
bacilli and negative serological studies. 
The entire syndrome and pathological 
picture seems to suggest an acute in- 
flammatory reaction rather than a de- 
generative one. 


leukocytes (X 322) 


thyroid acini with the formation of 
tubercles containing giant cells which 
appear to be phagocytosing a central 
drop of colloid. 

(3) A moderately dense inflamma- 
tory infiltration of the interstitial tissue 
by small round cells, mononuclear cells 
and plasma cells. 

(4) A scattered, focal accumulation 
of fresh and degenerated sass. 
nuclear leukocytes found centered i 
tubercles and in and around aa I- 


RS 
| 
| 


SUBACUTE THYROIDITIS, STRUMA FIBROSA AND STRUMA LYMPHOMATOSA 52: 


ted thyroid acini. This was found in 
| cases but 1. 

3) Many lobules of thyroid acini 
vhich contain colloid and appear to be 
ompletely uninvolved. 


From these features it is apparent 


that all parts of the gland are not in- 


olved equally or simultaneously. It 


would seem, then, that the destructive 


inflammatory forces do not act at 


me time, but rather continue to pro- 


Me 


2.—Riedel’s struma: Plasma cell and lymphocytic infiltration, massive destruction of 


pronounced increase in coll 


duce changes during the entire course 


the disease. It is our belief that the 
tial inflammatory process begins in 
interstitial tissue surrounding those 
roid acini which are at the pe- 
hery of the lobule. Monocytes and 
ill round cells infiltrate the follicle 
il and lodge in the colloid. Study of 
ial sections reveals that at some point 
reach in the wall is made and the 
ng epithelium is destroyed. This 


point serves as a focus for entry of 
tissue histiocytes which can be seen 
entering in large numbers from the 
fibrous tissue. These histiocytes appear 
singly to phagocytose colloid. In other 
follicles, the entire lining epithelium is 
degenerated and desquamated into the 
center of the follicle and large numbers 
of histiocytes enter and coalesce to 
form radially arranged giant cells. 
These tubercles form a characteristic 


acini and 


agenous tissue X 322). 


lesion of the disease. Clusters of poly- 
morphonuclar leukocytes are found 
inside and around some of the tuber- 
cles. No other form of thyroiditis pre- 
sents a clearly formed tubercle. In the 
healing stage the colloid disappears 
from the center of the tubercle and it 
undergoes fibrous organization. 
Therapy: The tendency of this dis- 
ease is toward spontaneous remission. 
However, the course may be a matter 
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of months and be quite uncomfortable. 
The use of thiouracil and Roentgen- 
has seemed to shorten the 
course and these are probably the 
treatment of choice. Crile* reports that 
600 to 800 Roentgens to the neck effect 
a complete remission in a few weeks 
and that pain and temperature subside 
in a tew days. 

Case C. G., 36 vear old white female. 


Present Illness: About 1 month before admis- 
sion the patie nt noted increasing nervousness 


blood pressure 120/60, pulse 120, respiration 
20. The patient was thin and agitated. No 
ocular signs of hyperthyroidism were present 
Che trachea was in the midline. The thyroid 
was visibly enlarged, tender, stony hard and 
2 to 3 times normal size. No other unusual 
physical findings were apparent. 

Course: The patient ran a persistent fever 
of 101 degrees and penicillin 400,000 units 
daily was given intramuscularly every 3 hours 
for 1 week. This produced no apparent effect 
on the process. Lugols 10 mm., 4 times a 
day was given concomitantly without notice- 
able effect. The laboratory data showed Klin 


Fic. 3.—Hashimoto’s struma: Showing the diffuse nature of the lymphocytic infiltration, the small size of th 


wcini, and the hypertrophy of the lining cells. One large 


palpitation, tremor of the hands and marked 
intolerance to heat. A choking sensation and a 
swelling of the anterior aspect of the neck 
were noted. Menses became irregular. She 
lost about 15 pounds. Two weeks later she 
began to feel an exquisitely tender swelling 
of the thyroid and marked pain on swallow- 
ing. A persistent diarrhea began and she be- 
came febrile with spikes of temperature to 
102 daily 

Personal History: Unmarried, no _ illnesses 
other than childhood diseases. One sister had 
a toxic goiter. 

Physical Examination: Temperature 101, 


lymph follic le with a ue rminal center Is seen (X 84 


test negative. Sugar 94 mg. per 100 cc., Tota 
Cholesterol 141 mg., 24% free. Total Proteit 
8.0 om.%. Albumin 4.4, Globulin 3. 
gm.%. Blood culture—sterile. Hb 80% 
WBC 7,700 (Polys. 68%, Lys. 28, Mono 
1%, Eos. 2, Bas. 1), Urine neg. Sediment: 
tion rate 80 mm./hr. Chest x-ray negativ: 
ECG-sinus tachycardia, right axis deviatio1 
BMR-+30% on admission and +16% after 
week of bed rest. A bilateral subtotal thy 


roidectomy was performed while the patien' 


was febrile, her postoperative course w 
smooth and she became afebrile 2 days lat 
Operative Findings: A gland, diffusely e1 


} 
th 
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ged to 3 times normal size, very friable, structures. Subtotal thyroidectomies 
Brey white The histo- were done in all 7 cases. 
ithology 1s shown 1n Figure lL. T 

7 Pathology: The average amount of 
RiepEL’s SrRuMA (STRUMA Fiprosa). tissue removed was 42 gm. varying 


Incidence 0.44%. Clinical Char- 
These cases all presented a 
picture relatively rapid, 
bulky, thyroid enlargement. The aver- 
ige duration of was LS 
nonths, varying from 6 weeks to 3'z 
months. All patients women, 
though this is not the usual rule and 2 
of Riedel’s cases were men. 


cases. 
cteristics 
of painless, 


symptoms 
were 


The aver- 
ie was 46 vears. Six of the women 
had had 1 or more pregnancies and 

beyond the menopause. 

In only | patient did this struma de- 
velop on the basis of a pre-existing 
This duration is 
than other re- 
vy account for the 
fact that few of our 
hibited the severe dyspnea or choking 
Riedel’s original cases. 
Only 1 patient complained of difficulty 
vith deglutition sensation of 
tracheal Two patients were 
learly in an early phase of hypofunc- 


t them were 


vmptomless goiter. 
considerably shorter 


16 


and mav 


ve ry cases 


sensations of 


and a 
pre ‘ssure. 


tion, which though not clinically ap- 
irent presented itself through low 
BMR's, low voltage ECG’s with iso- 
ectric T waves and an elevated serum 


holesterol. 
On examination, all the 
described as firm or hard 
felt 


more prominent On one 


phy sical 
inds were 


d many nodular. Involvement 


is usually 


le or another. Laboratory examina- 


n except in the hypothyroid cases 
S noncontributory. 

Since these symptoms and signs are 
the diagnosis is not fre- 
Actually 
differential diagnosis between this 
struma 


not distinctive, 


ently made preoperatively. 


and carcinoma is so tenuous. 


that operation is mandatorv. 
\t operation, the glands were found 
to be firm, fibrous, 


avascular, and two 


“re deeply fixed to the surrounding 


trom 27 to The specimens ap- 
peared to be pale brown or grey, firm 
and fibrous. 

All glands diffusely involved 
and approximately to the same degree, 
though widely among each 
other. The outstanding features were: 
A diffuse plasma cell and 
lymphocytic infiltration. 2, Massive de- 
struction of thyroid acini with virtual 
disappearance of all colloid and an 
acidophilic swelling and degeneration 
of acinar epithelium. A pronounced 
increase in fibrous tissue mainly of 

interacinar type. Giant cells 
found in several cases but these 
were not in the form of tubercles and 
were usually found in the lumina of 
acini with an intact lining epithelium. 
There were no clearly distinctive patho- 
logical features uniting all cases in this 
group just as Riedel’s original cases 


96 gm. 


were 
vary ing 


dense, 


Coarse 
were 


were not homogeneous. 

Etiology: Jafte’® in 1937 reported 4 
autopsy cases in which a dense lympho- 
cytic infiltration, a varying degree of 
fine and coarse fibrosis, absent colloid 
and desquamation of lining epithelium 
noted in the thyroid. The cases 
were all women who had undergone 
long and debilitating diseases. He also 
reviewed cases of Addison’s disease and 
found an associated dense lymphocytic 
infiltration and fibrosis of the thyroid 
in 4 of 11 cases. Womach*® also noted 
that pathological changes similar to 
those described by Riedel may be asso- 
ciated with adrenal cortical insuffi- 
ciencv. However, none of our cases 
exhibited any evidence of a pluriglan- 
dular disorder or of a concomitant de- 
bilitating disease. 

In view of the clinical course it does 
not seem as though this clinico-patho- 
logical picture is the end stage of a 
process which has first gone through 


Was 
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the stage of what is recognized as 
struma lymphomatosa. That the proc- 
esses producing the two syndromes 
mav be basically similar and only dif- 
ferent in degree remains a possibility 

Therapy: It is generally agreed that 
thyroidectomy is the treatment. of 
choice and that only as much tissue 
should be removed as is necessary to 
relieve tracheal compression and _re- 
duce the bulk of the tumor. 


Case I. R., 49 year old white female. Pres 
ent Illness 
of some 3% months of progressive, painless 
rapid enlargement of the thyroid with cough 


patient presented a history 


hoarseness and choking sensations. There was 
no weight loss and none of the signs of hyper 
or hypothyroid activity were manifested. 

Past History: Unmarried. post menopausal 
for 10 mo. Had been treated for a stomach 
ulcer” for 2 years. 

Physic al Examination: Blood pressure 
100/70, pulse 72 temperature 98. The thy- 
roid was diffusely enlarged, 4 times normal 
size, moderately firm and somewhat nodular. 
There were no. other significant physical 
findings 

Course: The diagnosis was Riedel’s struma. 
Kline test negative. Blood sugar 74 mg. per 
100 cc., Urea 14.8 mg., Cholesterol 311 mg., 
lib 59%, WBC 8s000 ( polys. 69%, lvs. 29, 
Monos. 2 Sedimentation rate 69 mm/hr 
ECG low voltage. P-R. interval 0.24 secs. 
BMR-—17% A subtotal thyroidectomy was 
done, the post operative course was smooth 
ind uneventful 

Operative Findings: Diffusely enlarged 
firm idherent gland. Right lobe 4% times 
normal size. The left lobe was 3 times normal 
size and extended around the trachea and 
compressed it 

Pathology Che specimen consisted of 2 
portions of thyroid gland weighing 56 gm 
he consistency was firm and hard. The cut 
surface was pale gray-brown 

Microscopic: The acini were small, irregu 
lar in shape and were lined by larg: polyg 
onal cells with a granular eosinophilic cvto- 
plasm ind irregularly shaped large vesicular 
nuclei. Little colloid was present. Multi- 
nucleated giant cells in moderate numbers 
were seen, but no tubercle formation was 
present. There was a diffuse, dense infiltra- 
tion of the parenchyma by small round cells 
nd plasma cells. Large lymph follicles with 
true germinal centers were seen, There was 


a marked increase in the interacinar and in 


GRAYZEL: 


terlobular connective tissue which was coarse 
and deeply cosinophilic Figure 2 

Comment. This case illustrates th 
massive destruction of functioning thy 
roid tissue that can occur in this con 
dition in a matter of a few months 
Though she did not present symptoms 
of myxedema, the low voltage ECG 
elevated cholesterol and low BMR, in 
dicated the presence of early hypo 
function. 

StTRUMA (STRUMA LYM 
PHOMATOSA ) 9 cases. Incidence 0.56% 
Clinical Characteristics: The average 


age of these patients, all females, was 


38 years. The youngest was 6 years ot 
age at the onset of the disease and to 
our knowledge is the youngest reported 
case. This case is reported in detail 
Joll’* in his exhaustive study of the sub 
ject in 1939 found one case in a child 
of 10 years. Schilling*® reported a cas 
in an adolescent female of 15 vears of 
age. At the other end of the scale, Joll’s 
oldest case was 74 years old, but the 
majority of cases fall in the 3rd to 6th 
decades. Six of our cases had multipl 
pregnancies, 3 were post menopausal 
5 were not and the child showed no 
evidence of endocrine abnormalities 
The chief complaint in all cases was a 
painless, slow-growing enlargement of! 
the thyroid. Duration of this growth 
ranged from 2 months to 20 years, with 
a mean duration of 2 years. In 4 cases 
nervousness was also recorded as an 
outstanding symptom. Only 1 case e: 
hibited symptoms of tracheal pressu1 
including hoarseness and dysphagia 
Preoperatively, a right recurrent laryn- 
geal palsy was found. This is in con- 
trast to the findings of McSwain and 
Moore?! in whose cases pressure sym 
toms of one type or another were 
most uniformly present. No patients 
were myxedematous preoperative! 
Follow-up examinations were obtain: 1 
in only 1 case, the child, and _ she 
showed signs of myxedema and _re- 
quired thyroid extract. It is the genel ul 
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consensus of all reviewers that about 
10 to 60% of these patients will require 
thyroid extract postoperatively. 

Physical examination revealed only a 
somewhat firm, bilateral thyroid en- 
largement. Laboratory. examinations re- 
vealed a serum cholesterol in the high 
normal range in the 4 cases in which 
it was performed. Basal metabolic rates 
were within normal limits, but were 
done in only 4 cases. Blood counts did 
not reveal any relative lymphocytosis. 

Operative findings consisted of an 
enlarged, somewhat firm gland. Only 
| gland was noted to be adherent to 
muscles and this was one to which 
oentgen-ray therapy had been given 
3 months preoperatively. In 1 other 
case, the trachea was noted to be angu- 
lated and narrowed. A subtotal thvroid- 
ectomy was performed in all cases but 
one in whom a_ total removal was 
effected 

Pathology: The amount of tissue re- 
moved averaged 57.7 gm. ranging from 
11.5 to 138 gm. The tissue appeared 
firm grey or pale-brown and homo- 
geneous. On microscopic examination, 
the presence of all the following char- 
acteristics were used in selecting cases. 

|. Diffuse involvement of the entire 
gland to the same extent everywhere. 

2. A dense infiltration with lympho- 
vtes spread diffusely throughout the 
parenchyma and also found in focal 
ollections with true germinal centers. 

3. A marked swelling of the acinar 
ning cells in which granular, eosino- 
hilic cytoplasm and large, hypochro- 
natic nuclei are noted. 

t. Small acini with slit-like lumina 
ontaining almost no colloid. 

5. Very little or no inerease in fibrous 


issue. 


Etiology: The only experimental ap- 
roach was that of MeCarrison!® who 
laimed to have produced, in rats, a 
‘icroscopic picture resembling struma 
mphomatosa of humans by feeding 
dict deficient in vitamins (wheat, 


meat residue, olive oil and potassium 
iodide ). The work has never been con- 
firmed or expanded. It is interesting to 
note that the peculiar acidophilic de- 
generation of the acinar cells resembles 
closely the changes produced by thiour- 
26 

Therapy: Roentgen ray therapy has 
caused some moderate degree of res- 
olution of the tumor in many Cases. 
However, thyroidectomy appears to 
be more satisfactory and a conservative 
removal is indicated. 


Case C. F., 7% years old white female. 
Present Illness: for 1% years a progressive 
swelling of the base of the neck was noticed 
by the child’s mother. There were no asso 
ciated symptoms of pressure or pain. No 
personality changes, or heat or cold intoler- 
ance, or weight changes were noted. 

Past History: The physical and mental de- 
velopment as judged from the age at which 
the child walked and talked were within 
normal limits. The child did well in school. 
Measles, mumps and chicken pox, without 
séquellae were the only childhood diseases. 
A tonsillectomy had been performed 1 year 
before the onset because of recurrent bouts 
of tonsillitis. 

Family History: Hypertension pres- 
ent in both paternal grandparents. There 
were no known endocrine disorders. The pa- 
tient had 2 sisters, 13 years and 5 years of 
age, in good health. 

Physical Examination: Blood _ preessure 
115/85, pulse 96, temperature 100.2. The 
child was well developed and nourished 
alert and cooperative. A firm, somewhat 
nodular mass was present in the neck attach- 
ed to the trachea. There were no other physi- 
cal findings of significance. 

Course in Hospital: The clinical diagnosis 
was a nontoxic nodular goiter. Hb 77%, WBC 
10,400 ( polys. 79%, lvs. 16, Monos 5). A 
subtotal thyroidectomy was performed. The 
postoperative course was uneventful. About 
3 months after the operation. the child be- 
gan to gain weight rapidly, her eyelids be- 
came edematous and the BMR was found to 
be —20%. Thyroid, % gr. daily was given with 
complete remission of symptoms. Eight months 
after the operation, x-rays of wrists, elbows 
and knees showed normally developed epi- 
physes, Cholesterol was 233 mg. per 100 cc. 
and BMR-—8%. The child was admitted to 
the hospital for re-evaluation 1% years later. 
She had been maintained on thyroid extract 
during that period, with normal growth and 
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Her laboratory work 
a cholesterol of 204 mg., 
phosphorus 5.3 mg., 
phatase 8.0 units, BMR- 

Pathology: The specimen 
portions of thyroid tissue weighing 
Che tan, 
and On 
examination, the gland appeared to be uni- 
and diffusely infiltrated by 
lymphocytes. Numerous germinal centers wer 


mental development up 


calcium 10.8 
and alkaline phos- 


17% 


showe d 


9 


ot 


gm. 


consisted 
99 


cut section was pale, homogeneous 


meaty consistency. microscopic 


formly involved, 


acini were small, round and 
little colloid. Acinar cells 
to high cuboidal showing a typical acidoph- 


present, con 


tained were low 


ilic degeneration. There was no_ increast 
in fibrous tissue. Figure 3 

Summary. A total of 1,595 thyroid- 
ectomies performed since 1940 has 
been reviewed and 24 cases of non- 
specific thyroiditis were selected for 
analysis 

Eight cases formed a closely knit 


clinical and pathological entity charac- 
terized pe ainful, febrile, 
rapid enlargement of the thyroid with 
high of symptoms of 
tracheal pressure and pathologically by 
the finding of numerous tubercles and 


clinically by 


a incidence 
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dense fibrous connective 


of 


and 


presence 
tissues presence of polymorpho- 
nuclear leukocytes clusters within 
the tubercles. This the subacute, 
pseudotuberculous thyroiditis group.. 
Seven rather 
Riedel’s struma 
so. classified. rela- 
rapid, extraordinary firm thyroid 
the clinical 


1 pronounced diffuse fibrosis and 


in 

is 
cases corre sponde 
closely to the original 


and were Painless, 
tively 
enlargement 
and ; 
caucus and plasma cell infiltration 
were the pathological findings. 


Nine cases of struma lymphomatosa 


was aspect 


were reviewed and so classified on the 
basis of a slow, large. painless thyroid 
growth displaying on microscopic ex- 
infiltration by lym- 
phocytes with numerous follicles con- 
taining acidophilic 
degeneration of cells and little 
The 
est case on record in a child of six was 
reported. 

The similarities and differences be 


amination a diffuse 
germinal centers, 
acinar 
in fibrous tissue. 


increase voung- 


tween the various groups was discussed 


giant cells but no tubercle bacilli; and the literature reviewed. 
We wish to thank Drs. Henry W. Louria, Frank Teller and Lewis IH. Berson for permissior 
to use their cases 
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ASPECTS OF HYPERTENSIVE DISEASE OF PREGNANCY 


TREATED BY SPLANCHNICECTOMY® 
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lr is definitely established that the 
existence of arterial hypertension be- 
fore or during a pregnancy constitutes 
a complication ol dangerous potential- 
ities to the pregnancy. Also, the onset 
of hypertension during pregnancy all 
too trequently results in persistent hy- 
pertension for the mother. Our interest 
has been in hypertensive disease in 
general, and particularly in the surgical 
treatment of this disease. But problems 
of pregnancy in vested aspects have 
frequently confronted us in our man- 
agement of hypertensive females by 
splanchnicectomy. It thus appeared 
advisable to investigate the relation- 
ship of the operation of splanchnicec- 
tomy to hypertensive disease of preg- 
nancy. 

Since November 1933 more than 
2000 hypertensive patients have been 
treated at the University Hospital with 
the surgical procedure of bilateral su- 
pradiaphragmatic splanchnicectomy 
and lower dorsal sympathetic ganglio- 
nectomy. Half of them were females. 
Thirty-seven per cent of these women 
were less than 40 years old at the time 
of operation and thus were in the child- 
bearing age; 28 of them became 
pregnant after operation, with and 
without our counsel. The results of 34 
pregnancies in these 28 splanchnicec- 
tomized patients are reported here. 

\ir. and Mrs. Albert Warner 

+t Address: Miami Beach, Florida 
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Neurosurgery, University of Michigan Hospital 
al School 

During the past 5 years splanchnicec- 
tomy was pertormed during the second 
trimester of pregnancy in 5 additional 
cases, each suffering trom severe tox 
emia superimposed upon prepregnant 
hypertension. This is a new therapeutic 
approach to a serious and vexing spe 
cialized problem. 


Manv observers l4 


have postu- 
lated that hypertension of pregnancy is 
acce ntuation ot a tr: ank « 
latent hypertension which existed ahem 
to pregnancy, and some believe that a 
toxemic pregnancy does not injure nor 
mal vascular and renal systems. There 
is no unity of opinion concerning this 
important matter. It also has been gen 
erally assumed that females whose hy 
pertension originates during pregnancy 
do not differ clinically from females 
whose hypertension is in no way re 
lated to pregnancy. In order to un 
cover information which might help 
clarify the foregoing, 452 females who 
were operated upon during the years 
1934 through 1942 inclusive, and who 
have thus been followed from 5 to 15 
vears, were divided into 2 groups d 
pending upon whether or not thei 
hypertension was first discovered dur 
ing a pregnancy. The 2 groups hav 
been compared as to the extent of thei) 
hypertensive disease and as to the end 
results from splanchnicectomy. 


lis study was aided in part bv grants from the United States Public Health Service an 
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Pregnancy Subsequent to Splanch- 
The hypertensive female 
vho becomes pregnant is not likely to 
ro through childbe ‘aring successfully. 
In the first place, is markedly vul- 
Dexter 
tollowed 39 prepregnant 


ctomy. 


she 
ierable to a toxemic pregnancy 
Weiss 
hypertensives through pregnancy, 
toxemia occurred in half of them. 

Secondly, a 


ind 
and 
toxemic pregnancy may 
harm the mother. In the 
Dexter and Weiss series, approximately 
me quarter of those who developed 
toxemia manifested higher blood pres- 


permane nitly 


sure levels and more extensive hyper- 
after the pathological 
pregnancy than before. Reid and Teel! 
122 patients with known es- 
sential hypertension prior to pregnancy, 
at a late postpartum examination, 
14% of them showed higher blood pres- 
sure levels than when first seen. 
Thirdly, the 


couraging for 


tensive disease 
followed 
ind 


fetal prognosis is dis- 
prog 
prepregnant hyperten- 


ives. Hypertension in the mother defi- 
iitely interferes with the well-being of 
the fetus. Dieckmann Brown!‘ 
found a 21% fetal mortality in mothers 
who had essential hypertension. For 
the 122 patients in the series of Reid 
ind Teel'® the fetal mortality was 
1.9%. It is thus seen that pregnancy 


an already hypertensive female is 
kely to have a disappointing, and 
metimes tragic, ending. 

We have followed 28 hypertensive 
first treated bv 


and who 


males who were 
subse- 


the 
are given in Table 1 


lanchnicectomy 


iently experienced pregnancies; 


ita for each case 


iturally, they were relatively voung 
the time of the oneration. their aver- 
e age being 28 vears. The average 


ration of hypertension from the time 
its discoverv until operation was 4.2 
urs. The average predperative blood 
essure was 208 systolic, and 135 dia- 

to operation in 21] of the 28. Two 


HYPERTENSIVE 


DISEASE OF PREGNANCY Do] 
cases had severe neuroretinitis with 
papilledema. 


When these 28 patients were classi- 
fied according to our preoperative 
clinical classification of arterial hyper- 
tension,'® 10 cases were in group three, 
in which organic heart disease is pre- 
dominant, the diagnosis being 
firmed by either a definitely abnormal 
clectrocardiogram or a teleoroentgeno- 


con- 


gram showing cardiac enlargement or 
both. Five patients were in group five, 
cases in which impaired renal function 
is predominant. It is thus seen that 
hypertensive disease was already well- 
established in these 28 females before 
splanchnicectomy. 

The average time interval between 
operation and the subsequent preg- 
nancy was 2.6 years, and the average 
blood pressure level prior to pregnancy 
was 144 systolic and 94 diastolic, for all 
28 cases. 


Results. Eighteen cases began preg- 
nancy with normal blood pressures as 
a result of splanchnicectomy. Seven- 
teen of these females gave birth to 18 
normal, living infants. 

But on the other hand, of 10 women 
who started pregnancies with blood 
pressure levels above normal (greater 
than 150/90), only 2 delivered living 
infants at term. Case 10 began preg- 
nancev with a blood pressure of 152/108. 
and Case 24 entered pregnancy with a 
blood pressure of 210/130: in each in- 
stance the hypertensive state was un- 
influenced by the pregnancy. The re- 
maining 8 women who began preg- 
nanev elevated blood  vressure 
levels no matter how slight. either had 
to be interrupted or gave birth to still- 
born fetuses. 

No patient whose blood pressure was 
within normal range prior to pregnancy 
develoned a 


with 


toxemia of pregnancy 
Without such a good result from 
snlanchnicectomy. the expected inci- 


been 


would have 


dence of toxemia 


O8-t9 


| | Tt 
9ET-OTT | PIT 
OLT-0ST | POW 


OFI-9 


pojy 


6£6I POW 


| 


| 06-8 per 


\ 


\ 


| 76-08 
JAAN [| 


| ) | 


88-08 
| OLT-0Z1 


ZLI-OFT 
ZIT-O00T 18 
“olt-ogt} 9 POW 


OTT-O0T 06 

| 0 OFT 


Z0T 
79S 
70 


| 
| 
| 
| 
| 
| 


| 
ut } swo juanbasqng | uot jtsse[) dnoar) |vinssaig 


| 
| 
pooTy gouts | | pooTyY pue 10tId snpun J uoty 
| uot puo’) [949] 
owty 94] 


wexy ssutputy 


AWOLOAIINHONVIdS OL LNANOASEHAS SAIONVNDAYd 
I4DNATHadXa OHM SA NO VLIVd L 


] | | | | | | | 
| | | > + + + 7 + + 
pal | z 2 le 
= . } } } 4 4 
jt ™~ | | S c =) 
| loc | f= + la c 
| | 
| | | | | 
| | 
| | | | 
| 
| | 
| | 
—+---—_—+- - | + + + + + 
\& 
| o\ @ | co \ = 
| | \ 
+ |< = 
4 
| = t => _~ 
| S S\ 
| 
+ + + 
| 
e 
| 
| 
| | : 
| 
| | ~ + N S oN 
| + + + + + + 
| | | } 
| | | ve 
| | a N | N | Cc N 
< 
] > + + + 
x. ( 532 


VL qeta-uoK 


201-06 
CLI-vtl 


usoqg{ Tas 


O£T-06 
88T-09T 


08-09 
82I-ZIT 


OSI-SET 


al 


NX 
Jo asdeyoid 


[tas 0 


0 


PAIS 


SII-90I 


| 


ulOgT [TIS 
peidnisaquy 


++ 


| 


N 


[tas 
peqdnisaquy 


O9T-ceT 


OLT-0ST 


OSZ-922 


\ 


v8-02 


“POW 


*dAN P29 inaiaqu] 


edAN P? ydnisa yu] 


\ 


AN paqdnisaquy 


06-08 


|} 


POW 


| + 
+ 

| = N omg omg ong ome ~ ~ 
—— 
| 
| | | 
| | 
| 
3 | | 
: 
| | 
8 a | | 
> 
S S S | S + S + oO co co 
| | | 
| 
= | S + ic + — | + + | 4 4 c 
+ | + | 
} | | | } 
= x | co 4 | 4 + + + | cio Cc + 
} | + + | + + | | + | 
| 
\é | | ~| | 
= o\ | iz | 
} | 
ce 
} 

| | | 
| 
| | © | 

= = = z = = 

4 

N N w N N N N 
| | wm Ve) N 
+ 
= N N N N N N o & - 
(533) 


dot PEET, ISBERG: HYPERTENSIVE DISEASE OF PREGNANCY 


90%; and the 10 splanchnicectomized 
“PON: 1e j 
temales who be gan 14 pregnancies with 
elevated blood pressure levels did show 
exactly a 50% 

Twelve 


incidence of toxemia. 
cases maintained blood pres- 
sure levels entirely within normal lim- 
its throughout 13 tull-term pregnancies; 
one case maintained normal blood pres- 
sure throughout 2 pregnancies subse- 
quent to splanchnicectomy. Mild to 
moderate elevations of blood pressure 
occurred in 14 pregnancies, m 5 of 
which living infants were delivered at 
term. In only 4 cases did the blood 
pressure during pregnancy reach or ex- 
ceed the pre-splanchnicectomy level: 
each was inierrupted. 

Each of these 28 females who had 
pregnancies subsequent to  splanchni- 
cectomy have been examined recently. 
The time interval between the exami- 
nation and the previous delivery aver- 
aged 2.7 years. Blood pressure levels 
were being maintained within normal 
limits (150/90 or less) in 15 cases, or 
53.6%. Prior to splanchnicectomy the 
blood pressure levels of these 15 pa- 
tients averaged 200/126. 

In 9 patients the recent examination 
revealed mildly elevated blood pres- 
sure levels in the range of 150 to 170 
systolic, and 105 diastolic. Prior to oper- 
ation the average blood pressure in 
these 9 cases was 233/137. Only 1 cases 
recently showed blood pressure levels 
greater than 170/105. 

It is readily apparent that it is in- 
advisable for the hypertensive female 
who does not obtain a good result from 
splanchnicectomy to hazard a_preg- 
nancy, for her chances of obtaining a 
living infant are meager. On the other 
hand, the once hypertensive female 
who maintains a normal blood pressure 
following splanchnicectomy, can be as- 
sured that if she does become preg- 
nant, her chances are excellent for 
delivery of a living infant, and that she 
has probably been protected against 
any related vascular damage. In this 


group of splanchnicectomized females, 
pregnancy tollowing operation resulted 
mn no harmful hypertensive complica- 
tions. 

Newell and 


confirm the 


ithe experiences of 
Smithwick‘ foregoing. 
ihey have reported the results in 14 
hypertensive females who were treated 
by lumbodorsal splanchnicectomy and 
who then had a subsequent pregnancy, 
except for 1 case in which operation 
was performed during the first trimes- 
ter. Thirteen infants were living and 
well. Only 1 pregnancy had to be in- 
terrupted. Six weeks postpartum, the 
average blood pressure of the series 
was 133/87. 

Splanchnicectomy Performed During 
Pregnancy. A toxemia superimposed 
upon prepregnant hypertension pre- 
sents a discouraging problem. Almos! 
always the only recourse is interruption 
of the pregnancy. A new approach to 
this specialized problem has been tried 
at the University Hospital during the 
past 5 years. The operation of bilater: il 
supré adiaphragmatic splanchnicectomy 
and lower dorsal sympathetic ganglio- 
nectomy has been performed during the 
second trimester in 5 such cases which 
have been reported in detail!” 

This surgical treatment is aimed di- 
rectly at the underlying hypertensive 
disease. for it is felt that the compli- 
cating toxemia is a consequence of the 
pre-existing hypertensive state. 

In 2 cases, the results have been ex- 
cellent; following operation in both, the 
toxemia disappeared, normal blood 
pressure levels were achieved, living 
infants were obtained, and normal 
blood pressures have persisted for 4 
vears and 
delivery. 

In the remaining 3 cases the oper- 


vears respectively since 


ation exerted no influence on the tox 
emia, but in 1 of the cases the blood 
pressure levels since delivery hav 
been significantly decreased as com 


pared to the prepregnant levels. 
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Hypertension Having Its Onset Dur- 
ng Pregnancy Differentiated from Hy- 
pertension With Onset Without Rela- 
ion to Pregnancy. The 452 hypertens- 
ve females who were operate “dd upon 
during the years 1934 through 1942 in- 
clusive have been divided into 2 groups 
depending upon whether or not their 
hypertension was first recognized dur- 
ug pregnancy. In 100 of them, elevated 
blood — was first noted at the 
. pregnancy; it is indeed likely 
that some of these cases may have had 
unrecognized high blood pressure prior 
to pregnancy, but since there is no wi ay 
of determining this, it is impossible to 
In the 
females in this series, 
mset of hypertension had no relation 

) pregnancy. 

The clinical picture 


time of 


correct for this unknown factor. 
remaining 352 


of the hyper- 
tensive state of one group differs in 


ABLE 2.—SURVIVAL TABLE 
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certain respects from that of the other, 
but it cannot be stated that the degree 
of hypertensive involvement in one 
group is greater or more serious than 
that of the other. Diastolic blood pres- 
sure levels prior to operation were 
higher in the group related to preg- 
nancy; also organic heart disease was 
predominant in a greater percentage 
of the cases in this group than in the 
other. But the incidence of cerebro- 
vascular accidents and malignant hy- 
pertension prior to operation was 
greater in the group whose disease did 
not have its onset in pregnancy. There 
was no significant difference as to age 
at time of operation or as to known 
duration — of hypertension prior to 
operation. 

Even though there was no remark- 
able clinical difference in the hyper- 
tensive state of the 2 groups, yet they 


AFTER SPLANCHNICECTOMY FOR 89 FEMALES WHOSE HYPER 
rENSION BEGAN DURING PREGNANCY, 


EXCLUDING 11 CASES OF 


MALIGNANT HYPERTENSION 


Years of Number Percentage Alive 
Operation of Cases 5 years 6 years 7 years 8 years Yyears 10 years 11 years 12 vears 13 years 
1934 l LOO LOO LOO LOO LOO LOO LOO 100 100 
1935 LO 100 LOO 90.0 90.0 80.0 80.0 $0.0 TO0.0 
1936 7 71.4 71.4 71.4 57.1 42.9 12.9 12.9 
1937 12 91.7 91.7 91.7 §3.3 83.5 $3.5 
1938 12 75.0 66.7 58.3 58.3 58.5 
1939 7 85.7 85.7 85.7 57.1 
1940 9 88.9 77.8 77.8 
194] 12 91.7 91.7 
1942 19 100.0 
BLE 3.-SURVIVAL TABLE AFTER SPLANCHNICECTOMY FOR 291 FEMALES WHOSE HYPER- 
TENSION HAD NO RELATION TO PREGNANCY, EXCLUDING CASES OF 
MALIGNANT HYPERTENSION 
ars of Number Percentage Alive 
( ration of Cases 5 vears 6 years 7 vears 8 vears Yyears 10 years 11 years 12 years 13 years 
934 8 87.5 62.5 62.5 62.5 62.5 50.0 37.5 37.5 87.5 
935 22 86.4 $1.8 81.8 81.8 77.3 T2Z.4 68.2 63.7 
936 21 $1.0 81.0 71.4 66.7 62.0 62.0 01.0 
I37 0 83.3 83.3 §3.3 76.7 70.0 70.0 
138 35 82.9 82.9 82.9 80.0 80.0 
939 30 90.0 90.0 90.0 90.0 
140) 29 96.6 96.6 96.6 
14 88.6 81.8 


72 81.9 
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significantly differ in their overall re- 
sponse to splanchnicectomy. Both 
groups responded well to the oper- 
ation, but the end-results are definitely 
better for the females whose hyper- 
tensive disease had its origin during 


a pregnancy. The postpartum-persist- 
ent-hypertensives show better survival 
rates and maintain lower blood pres- 
sure levels after splanchnicectomy. 


fables 2 and 3 


The survival tables (1 
for both groups are remarkably wi 
and it is surprising that the survival 
rate among the females whose hyper- 
tension is related to pregnancy should 
be even better than that of the other 
females. In the former group of 89 
hypertensive women (excluding 11] 
cases of malignant hypertension ), 90% 
survived 5 years after operation; for 


TABLE 4.—BLOOD PRESSURE 
SPLANCHNICECTOMY 


RESPONSI 
INCLUDING 


Marked 
Reduction 
Ot SO mm 


Systolic 
Number & 25 mm 
{ Now Diastolic 
Ca Normal or More 
Onset During 
Pregnancy 100 23 (23% 99 (22% ) 
No Relation 
lo Pregnancy 352 54 (15.4% 18 (13.6% 


the 29 cases 


vears ago, the 


operated upon 11 to 14 
10-year survival rate was 
76%. While for the second group of 
with onset of hypertension 
bearing no relation to pregnancy, the 
5-year survival rate was 86%, and the 
was 65.4% 
Post-splanchnicectomy survival 
among malignant hypertensives whose 
elevated blood pressures were first dis- 
covered during pregnancy does not 
differ significantly from malignant hy- 
pertensives whose disease 
relation to pregnancy. The 
malignant hypertension have been 
dealt with separately from the other 


females 


\0-year survival rate 


bears no 
cases of 


HYPERTENSIVE 


IN 452 


DISEASE OF PREGNANCY 
cases of essential hypertension in the 


computing of the foregoing survival 
statistics since the malignant type evi- 
dently represents a separable, fulminat- 
ing phase of the disease. Our diagnostic 
criteria'! for malignant hypertension 
are: (1) a  rapidly-progressive, de 
clinical 
2) severe 


recent 
onset; with 
definite papilledema of | diopter o1 
more; (3) high diastolic blood pres 
and (4) constitu- 
tional involvement. 

The group of females whose hyper 
tensive state was related to pregnancy 
has maintained a better blood pressur: 
response to splanchnicectomy than the 
other group of female hypertensives 
response of the latter 
Among the forme: 


course of 
neuroretinitis 


teriorating, 


sure; evidences of 


even though the 
also has been good. 


FEMALES, 5 TO 13 YEARS AFTER 
ASES OF MALIGNANT HYPERTENSION 
Significant 
Reduction 
Of 40 mm 


Systolic Alive 
& 25 mm No But No 
Diastolic Significant Recent B.P 
or More Change Worse Determination De 
19 (19% 1( 4% 0) 5(5%) 2 
(27% 
10 (206 32 (9% 35 (10%) 10 
(30.5% 
23% were maintaining normal 


group, 
blood pressure levels (150/90 and less 
5 to 13 years since operation, and in 
another 22% the blood pressure was 
markedly reduced by 80 mm. 

and 25 mm. diastolic or more 


pared to the preoperative level (Table 


systolic 
as com- 


1). In the latter group, 15.4% were 
maintaining normal blood _ pressure 
levels, and another 13.6% showed 
marked reduction 5 years or more 


after operation. 

The Problem of Post-Toxemic Hy- 
pertension. In large series of pregnan- 
cies, Stander™ found an 8.4% 
of toxemia 


incidence 


Dieckmann® a 6.7%, and 
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Thus toxemia 
of all pregnancies. 
Brown’ reviewed 
the literature and concluded that ap- 
proximately one quarter of the patients 
with pre-eclampsia and eclampsia de- 
velop permanent hypertensive disease 
ifter pregnancy. Herrick and Tillman*® 
also found that 25% of women who 
have had a_ toxemic 


Page’ a 9% incidence. 
occurs in about 8% 
Dieckmann and 


pregnancy, are 
left with permanent postpartum vas- 
Peckham® reported a 
incidence (63.4%) of 
vascular damage as the late 
result in 500 cases of toxemia of preg- 
nancy. 


cular disease. 
much higher 
chronic 


v. Reid and Teel'® were very care- 
ful in determining that both the pre- 
pregnant blood pressure and urine were 
normal in a series of 235 patients who 
later developed mild pre-eclampsia; 
21% had sustained hypertension 6 
months to 3 years postpartum. Simrall' 
followed 91 patients who developed 
toxemia during pregnancy and who 
definitely had normal blood pressure 
levels prior to pregnancy or during the 
lirst trimester; at a late postpartum ex- 
mination he found that 30% mani- 
tested abnormally elevated blood pres- 
ure. 

Since roughly 25% of females who 
have had a toxemic pregnancy are left 
with permanent postpartum hyperten- 

on, and since toxemia occurs in about 
S% of pregnancies, then about 2% of 
|! women who become pregnant mav 

expected to develop permanent hy- 
rtension as a result of pregnancy. 

There were 3,440,000 births in this 
untry in 1946. The stillbirth rate was 

per 1,000 live births. Of the 3,500.- 
000 women who went through preg- 
nancies in the single year of 1946, pos- 
sibly 70,000 now have permanent: hv- 
pertensive disease. The problem of 
post-toxemic hypertension is thus one 
of considerable magnitude; it is also 
serious enough to warrant thought and 
action by the physicians responsible 


for the welfare of these women. 
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These females who are now hyper- 
tensive as a result of pregnancy consti- 
tute a group in whom excellent results 

can be expected from splanchnicec- 
tomy. Five to 13 years after operation 
one quarter of this group can be ex- 
pected to be maintaining normal blood 
pressure levels. The operative risk is 
minimal, providing the disease has not 
vet progressed to its malignant phase. 

The operative mortality for all fe- 
males, excluding cases of malignant 
hypertension, is 0.5%. For females with 
malignant hypertension, the operative 
mortality is 7.7%. 

At the present time the operation of 
spli anchnicectomy represents an effect- 
ive therapeutic approach to hyperten- 
sive disease, and it is especially effica- 
cious in coping with the problem of 
post-toxemic hypertension. This oper- 
ation must be considered for the female 
whose blood pressure persists at hyper- 
tensive levels for more than one year 
following childbirth. 


Summary and Conclusions. 1. The 
large number of female hypertensives 
who were treated with bilateral supra- 
diaphragmatic splanchnicectomy and 
lower dorsal sympi athetic ganglionec- 
tomy at the University of Michigan 
Hospital afforded an opportunity to 
study several aspects of hypertensive 
“ase of pregnancy. 

Twenty-eight hvpertensive females 
ie were treated by splanchnicectomy, 
subseauently experiericed 34 pregnan- 
cies. OF 18 cases who began pregnancy 
with normal blood pressures, 17 gave 
birth to 18 infants. and 15 were still 
maintaining normal blood pressure lev- 
els at a recent examination, averaging 
2.7 vears since delivery and 6.3 vears 
On the other hand, of 
10 cases who started pregnancies with 
blood pressure levels above 150/90. 
only 2 delivered living infants at term. 

3. Not one of 18 cases who respond- 
ed to splanchnicectomy by maintaining 


since operation. 


To) 


PEET, ISBERG: 
normal blood pressure levels after oper- 
ation and who subsequently became 
pregnant developed a toxemia of preg- 
Nancy, 

4, No splanchnicectomized female 
suffered any late, harmful vascular ef- 
fects as the result of pregnancy. 

5. Five cases of toxemia superim- 
posed upon prepregnant hypertension 
have been treated by spl: unchnicectomy 
performed during the second trimester 
of pregnancy, and in 2 cases the results 


have been excellent. Following oper- 
ation in both, the toxemias disappeared 
and normal blood pressure levels were 
achieved for the remainder of the preg- 
nancies and during a long postpartum 
follow-up period. 


6. When 
divided into 2 groups depending upon 


female 


REFE 


|. Barnes, J., and Browne, F. J.: J. Obst 


HYPERTENSIVE 


hypertensives are 


DISEASE OF PREGNANCY 
whether or not their hypertension had 


its origin during a pregnancy, there is 
little variance in their disease pictures 
but there is significant difference in 
their overall response to splanchnicec- 
tomy. Both groups respond well to the 


operation, but the end-results are defi- 


nitely better for the females whos« 
hypertensive state began in a_ preg 
nancy. 

The young hy pertensive female 
who wishes to have children should 


first have the essential hypertension 


treated by splanchnicectomy. If she 
maintains normal blood pressure levels 
for 1 year after operation, she may with 
reasonable safety become pregnant and 
with the assurance that her chances ar 
excellent for giving birth to a normal 


infant. 


RENCES 


and Gyn. Brit 


Emp 1; 1945 


2. Dexter, L., and Weiss, S.: Pre-Eclamptic and Eclamptic Toxemia of Pregnancy, Bostor 
Little, Brown and Co., 1941 

3. Dieckmann, W. J.: Am. J. Obst. and Gyn., 29, 472, 1935 

1. Dieckmann, W. J., and Brown, I.: Am. J. Obst. and Gyn., 36, 798, 1938 

5. Dieckmann, W. J., and Brown, I.: Am. J. Obst. and Gyn., 37, 762, 1939 

6. Herrick, W. W., and Tillman, A. J. B.: Arch. Int. Med., 55, 643, 1935. 

7. Newell, J. L., and Smithwick, R. H.: New England J. Med., 236, 851, 1947 

8. Page, E. W.: Am. J. Obst. and Gyn., 37, 291, 1939 

9. Peckham, C. H.: Am. J. Obst. and Gyn., 42, 638, 1941 
10. Peet, M. M., and Isberg, E. M.: J. Am. Med. Assn., 130, 476, 1946 

11. Peet, M. M., and Isberg, E. M.: Ann. Int. Med., 28, 755, 1948 

12. Peet, M. M., Isberg, E. M., and Bassett, R. C.: Surg., Gyn., and Obst., 86, 673, 1945 
13. Reid, D. E., and Teel, H. M.: Am. J. Obst. and Gvyn., 37, 886, 1939 

14. Simrall, J. O. H.: Am. J. Obst. and Gyn., 43, 858, 1942 

15. Stander, H. I.: New England J. Med., 201, 458, 1929 


he en 
S¢ Op 
knov 
the ; 
with 
made 
pape 


\ 

) 
21-40 
11-60 
St) 
M 

vv} 

il} ld 
QT 
tr¢ ni 
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From the Frank Billings Medical Clinic 


\LTHOUGH studies have 
been made of the clinical and gastro- 
aspects of gastritis,” to our 
knowledge, a definitive correlation of 
the appearance of the gastric mucosa 
vith its secretory capacity has not been 


humerous 


S¢ 


nade. The purpose of the present 
paper is to report such an analysis. 


Departin nt of Medicine, 


The University of Chicago) 


phy, as evidenced by grayness of the 
mucosa and visible capillaries (“atrophic 
gastritis’); (ec) 50 with inflammatory 
changes in the mucosa, including 
edema, erythema and exudate (“chronic 
superficial gastritis”); and (d) 50 
cases with an irregular cobblestone-like 
mucosa, (“chronic hypertrophic  gas- 


ABLI CORRELATION BETWEEN GASTROSCOPIC APPEARANCE OF THE MUCOSA AND 
HISTAMINE-STIMULATED SECRETION 
Maximum | Normal Inflammatory® ® Cobblestone-like 
Acidit Mucosa Atrophy? Changes Mucosa??? 
Coli il Us 100 pats. ) (50 pats. ) 50 pats (50 pats. ) 
per cent per cent per cent. 
Achlorhydria 5 30 30 2 
0 wunits ] 10 6 9 
21-40 units 5 18 10 
11-60 units IS 16 14 12 
S0.—sunits 20 16 6 26 
81-100 units 22 10 14 22 
\I than 100 29 16 12 26 
otal (per cent 100 100 100 100 
Atrophic gastritis 
Ervthema. edema. exudate ‘superfic ial vastritis”’ ) 


Hypertrophic gastritis” 

study was made of 250 patients in 
vhom the physical and laboratory ex- 
iminations were normal and in whom 
complete roentgen studies of the gas- 
tro-intestinal tract were negative. 
were divided into 4 
(a) 100 with a gastroscopic- 
lly normal mucosa; (b) 50 with atro- 


iese 


Cases 


groups: 


tritis’). Gastric acidity was measured 
by the histamine test using 0.1 mg. of 
histamine hydrochloride per 10 kg. 
body weight; fractional specimens were 
obtained every 10 minutes for 1 hour; 
the values are expressed as clinical 
units of the maximum free acidity in 
any specimen. 
(539) 


Results and Discussion. The findings 
listed in Table 
Among the 50 patients with atrophy, 
there were 15 with histamine achlorhy- 
dria. The degree of atrophy in this sub- 
group is indicated in Table 2. It is of 


PABLI TYPES OF ATROPHY IN HISTAMINI 
ACHLORHYDRIA 


No. Pat t 
Patchy atrophy 3 
Generalized atrophy 12 
Slight 0) 
Moderate 3 
severe 9 
Total 15 


interest that the maximum free acidity 
exceeded 40 clinical units and rose as 
high as 126 units in 29 of the 50 pa 
tients with atrophic changes. The type 
of atrophy in this subgroup is shown in 
fable 3. Except for this observation 


rABLI [TYPES OF ATROPHY IN PATIENTS 
WITH ACIDITIES ABOVE 40 CLINICAL UNITS 


No. Patients 


Patchy atrophy 8 

Generalized itrophy 2] 
Slight 7 
Moderate 10 
Severe 4 

Total 29 


there was no significant correlation be- 
tween the level of free acid and the 
gastroscopic appearance of the gastric 
mucosa in this series of patients. 

It is apparent that atrophic, inflam- 
matory, or hyperplastic changes of the 
mucosa do not necessarily alter the 
secretory response to histamine stimu- 
lation. This finding is in agreement 
with that of Schindler et al..2 who, in a 
study of 82 cases of spontaneous his- 
tamine achlorhydria, observed various 
types of gastritis as well as a normal 
mucosa. The present data, in accord 
with the observations of Schindler. 
demonstrate that the most common 
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anatomic basis for anacidity is diffuse 
inflammation and atrophy. The _inci- 
dence of anacidity in patients with in- 
flammatory and with atrophic — 
was 30%, in contrast to 5 and 2%, re- 
spectively, for individuals with a nor- 
mal mucosa and for patients with 
hyperplastic alterations. 

Inflammatory changes with achlorhy 
dria suggest involvement of the acid 
secreting cells deep in the pits of the 
glands and not a mere “superficial gas 
tritis”. In a previous study of achlorhy 
dria produced by roentgen irradi: ition 
it became evident histologically that 
the edema, erythema and exudate of 
the mucosa, as seen gastroscopically 
were not limited to the superficial lay 
ers of the stomach but involved both 
the mucosa and submucosa. Such ana 
tomical differences probably explain 
the variability of gastric secretion in 
patients with gastritis. 

It is interesting that of the 50 pa 
tients with definite atrophy, 29 were 
able to secrete gastric juice with a fre: 
acidity above 40 clinical units. In 2] 
of these, the atrophy was diffuse and 
in 4 it appeared to be extremely severé 
This finding indicates that numerous 
well functioning, acid-secreting cells 
may be present, even though the atro 
phy as seen gastroscopically may seen 
to be pronounce dd. 


Conclusions. 1. The correlation be 
tween the maximum free acidity and 
the gastroscopic appearance of the gas- 
tric mucosa is not exact. 

2. Achlorhydria may occur with a 
normal mucosa, as well as with various 
types of gastroscopic alterations. How 
ever, in the present study, achlorhydria 
was observed in only 5% of individuals 
with a normal mucosa and in only 2% 
of those with a cobble-stone (hyper- 
trophic) mucosa, as compared with an 
incidence of 30% each in patients with 
atrophy (atrophic gastritis) and with 
inflammatory changes (superficial g:s 
tritis ). 
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RECENT studies have demonstrated 
significant differences in the maximum 
free acidity of the gastric secretion be- 
tween patients with gastric and those 
with duodenal ulcer. The maximum 
free acidity after histamine was low 
in 21% of the gastric ulcer group, 
whereas in duodenal ulcer it uniformly 
exceeded 50 clinical units.1° The out- 
put of acid in the 12 hour night secre- 
tion averaged 273 mg. in gastric ulcer 
661 mg. in a series of normal individu- 


als, and 2242 mg. in the duodenal ulcer.® 


\ comparison of the maximum free acid- 
ity and the gastroscopic findings in in- 
dividuals without demonstrable or- 
ganic disease of the gastrointestinal 
tract indicated no exact relationship.” 
However, achlorhydria was noted in 
30% both of patients with atrophic and 
of those with “superficial” inflammatory 
changes, in contrast to an incidence 
of 5% among individuals with a normal 
gastric mucosa and 2% among _ those 
with hypertrophic changes. 

The present study was undertaken: 
a) to compare similarly the gastric 
acidity and the gastroscopic findings in 
patients with gastric ulcer and with 
duodenal ulcer, and, b) to seek a pos- 
sible explanation for the pronounced 
difference in gastric secretion between 
the two ulcer groups. 

Present Study. Two consecutive se- 


42 ) 


MEDICIN} 


ILLINOIS 


University of Chicago 


ries of patients with duodenal and gas 
tric ulcer were collected; individual: 
with gastroenterostomy, gastric rese¢ 
tion, or vagotomy were not included 
Gastric acidity was measured by the 
histamine test (0.1 mg. per 10 kg. body 
weight) and expressed in clinical units 
of the maximum free acidity as dé 
termined during the conventional on 
hour procedure. 

The gastroscopic findings were clas 
sified as: a) normal, b) atrophy (so 
called “atrophic gastritis’), ¢) an it 
regular cobblestone-like mucosa (so 
called “hypertrophic gastritis” ), and 
d) edema, hyperemia, and adherent 
exudate (so-called “superficial gastri 
tis’). The presence of erosions and 
hemorrhagic areas was noted in groups 
b, c and d, but not considered in this 
study. 

Gastric Ulcer. Among 150 consecu- 
tive cases of benign gastric ulcer the 
gastric mucosa distant from the ulcer 
appeared normal in 45% and abnormal 
in 55% (Table 1). 


PABLE 1.—-GASTROSCOPI( APPEARANCE 
THE GASTRIC MUCOSA IN GASTRIC ULCI 


150 Cases 


Mucosa No. Cases Per « 

Normal 67 tf 
Edema, erythema, exudate 16 Li 
llyperplastic features 28 
Atrophy 39 
Total 150 10 
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The correlation between the gastro- 
scopic changes and the maximum free 
acidity is expressed in Table 2. 
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tion may occur with any tvpe ot gas- 
tric mucosa, the only essential being 


the presence of free hydrochloric acid. 


2.-CORRELATION BETWEEN APPEARANCE THI 
MUCOSA AND MAXIMUM FREE ACIDITY IN GASTRIC ULCER 
(120 Cases 
Maximum Free Acidity Edema, 

( Histamine ) Hyperplastic Erythema 

Clinical Units Norma (trophy Features Exudate 

Per cent of Cases 

1-20 7 0) i 26 
21-40 S 10 LO 12 
11-60 16 20 21 12 
61-80 16 26 20 19 
$1-100 32 10 22 12 
More than LOO 21 | 23 19 
otal 100 100 100 100 


Duodenal l leer. 


secutive 


One hundred con- 
duodenal had 
gastroscopic examinations. 
lhe mucosa consistently appeared nor- 
mal in 47% and abnormal in 53% (Ta- 
ble 3). In these 100 cases erosions were 


cases of ulcer 


one or more 


observed in 1] and a benign polyp in 
yne patient. 

\BLI GASTROSCOPIK( APPEARANCE OF 
Hk GASTRIC MUCOSA IN DUODENAL ULCER 
100) Cases ) 

Mucosa No. Cases 
Normal 47 
Kdema ervthema, exudate 7 
Hyperplastic features 1] 
\trophy 5 
Total 100 


The gastroscopic findings and_ the 
laximum free acidity are correlated in 
fable 4. 

Discussion. The 


present analysis 


Previous gastroscopic studies?! 
in patients with duodenal ulcer have 
vielded varying figures both for the in- 
cidence and the type of gastritis. The 
present study, however, indicates a 
considerable difference between gastric 
and duodenal ulcer in the appearance 
of the gastric mucosa. Thus, a cobble- 
stone-like mucosa was noted in 41% 
of patients with duodenal ulcer and in 
only 19% of cases with gastric ulcer. 
Perhaps of greater significance is the 
fact that atrophy was recorded in only 
5% of cases with duodenal ulcer in 
contrast to 26% of those with gastric 
ulcer. Among 18 patients with gastric 
ulcer and a low free acidity, inflamma- 
tory changes (edema, erythema, exu- 
one) or diffuse atrophy were observed 

1 13. Of particular interest in this re- 
eth are the observations of Mevers® 


gain demonstrates that peptic ulcera- who, in a recent study, noted that the 
ABLE 4.—CORRELATION BETWEEN APPEARANCE OF THE 
MUCOSA AND MAXIMUM FREE ACIDITY IN DUODENAL ULCER 
Maximum Free Acidity Edema, 
( Histamine Hyperplastic Erythema, 
Clinical Units Normal Atrophy Features Exudat 


Per cent of total number of Cases 


1-20 
21-40 
11-60 ] 
61-80 6 
81-100 14 
More than 100 26 
Total AT 


2 
2 9) l 
9 
21 4 
5 4] 7 
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number of parietal cells per high pow- 
er field in the gastric fundus of pa- 
tients with gastric ulcer varied from 
0 to 40, whereas in duodenal ulcer the 
cell counts ranged from 60 to 90. The 
incidence of atrophic changes in gas- 
tric ulcer has been reported previously 

6% zero’; Baker’ 
an incidence of 60%. 


is 13 and re- 
cords 

This difference in the appearance of 
the gastric mucosa between duodenal 
and gastric ulcer coincides in many 
cases with the pronounced difference 
in gastric secretion observed in these 


(wo groups. 


GASTRI( 


MUCOSA IN PEPTIC ULCER 

in duodenal and in gastric ulcer gas- 
troscopically may appear normal, atro- 
phic, hyperplastic or present inflamma- 
tory changes—erythema, edema, and 
exudate. 

2. The incidence of atrophy of the 
gastric mucosa is considerably higher 
gastric than 
whereas the incidence of a hyperplastic 
mucosa is considerably higher in duo 
denal than in gastric ulcer. 

3. The frequency of atrophic 


in in duodenal ulcer. 


and 
inflammatory changes of the gastric 7 
mucosa in gastric ulcer accounts in the 
majority of the cases for the low out 


\ 
Conclusions. 1. The gastric mucosa put of acid. 
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DIABETES AND VASCULAR 


DISEASE YOUTHS 


By Howakrp F. Root, M.D. 


ASSOCIATE IN MEDICINE, 


PHYSICIAN-IN-CHIEF, NEW 
BOSTON 
From the George Baker Clinic, 


THe frequency of advanced arterio- 
sclerotic, renal and retinal lesions in 
youthful diabetics is becoming more 
tully appreciated. The total number of 
vouthtul diabetics in the United States 
s not accurately known, but the facts 
with an estimate of the 
liabetic population available in 1946 
reviewed by Joslin et al.'! 
Patients between the ages of 15 and 30 


‘concerned 


vere 


HARVARD MEDICAI 
ENGLAND DEACONESS 


SCHOO! 
HOSPTTAI 


MASSACHUSETTS 


New England Deaconess Hospital 
Blotner and Hyde? studied 45,000 
consecutive selectees from ages 1S to 
{5 vears at the Armed Forces Induction 
Station. They found diabetes to be 
about 3 to 4 times that of the National 
Health Survey. These figures 
confirmed in a study by the National 
Youth Administration.” Among 147.813 
vouths age 16 to 24 vears, glycosuria 
was present in 2.6%, ‘There were 175 


re 


ears include: (a) those whose dia- known diabetics. or 1.2 per 1,000. More 
hetes began in childhood and have — recent still is the survey conducted by 
rABLE 1.—DIABETES IN YOUTH 
Population Massachusetts Selectees National Health Surveys 
ontinental United States No. Diabetics No. Diabetic 
July 1; 1945 Aue per 1000 Registrants Age per 1000 
( Total All 4.6 
All 139,621,431 15-24 0.6 
5-19 11,651,506 18-25 2.0 
()-24 12,157,729 26-30 3.5 
29 11,469,639 31-35 6.2 25-34 0.9 
11,006,658 36-40 6.1 
9-39 10,151,305 11-45 10.6 35-44 2.0 
(-44 9,400,648 
irvived many vears of diabetes. (b) members of the United States Public 


iose with diabetes beginning between 
» and 30 


recognized, 


vears, recognized and 
(c) finally, those who 
ill sooner or later develop diabetes. 
National Health Survey by the 
itional Institute of Health in 1935- 
36 disclosed 9,182 diabetics in an 
ban population of 2.500,000."4 This 
formation was based upon a house 
house campaign but without tests 
the blood sugar. However, survevs 
e become available based on actual 
od and urine chemical tests which 
e quite a different picture. Thus. 


he 


\ided by grants from the 


Eaton Laboratones Fund 


Health 
chusetts. 
for 


Oxford, Massa- 
which it was shown that 
every 40 known diabetics there 
were 30 unknown cases. The estimated 
incidence for diabetes in this youthful 
period was 3 or 4 times that of the 
National Health Survey. In Table 1 
are given the population at ages 15 to 
15 estimated as of Julv 1. 1945, for the 
United States, and the frequency of 
diabetes in the youthful groups from 
an editorial in the Journal of the 
American Medical Association.‘ 

An estimate of 36.523 cases of dia- 


Service in 


in 


and the Life Insurance Medical Research Fund. 


(545) 


} 


betes between 15 and 35 years, based 
National Health 
seems too low. Yet an estimate of 
$4,000 for the ages 15 to 30 vears, 
based on Massachusetts selectees, may 


upon the Survey, 


be excessive. One may safely estimate 
that there are at present between the 
ages of 15 and 30 vears 60,000 cases 
ot diabetes. More important, however, 
are the indications of a continued 
increase in the next few vears. Thus 
the United States population may reach 
a maximum by 1985 when it will be 
22% greater than it was in 1940.* At 
the same time the diabetic population 
may increase by 74%. One may safely 
add, therefore, to the total number 
of patients between the ages of 15 and 
30 vears who now have diabetes a 
minimum of 25%, or 15,000 who will 
develop it within the next few years. 
The importance of vascular lesions 
n olde 


diabetics has long been 
tamiliar to students of the disease. Now 
the excessive development of vascular 
nephritis, hypertension and retinitis in 
poorly controlled diabetics of long 
duration looms large on the horizon 
even in youth. Among 148 diabetics 
with onset of diabetes between 15 and 
30 years of age, 64% show retinal 
hemorrhages and increased capillary 
fragility after 10 years of diabetes.'° 
Although many influences, metabolic. 
infectious and endocrine may _ play 
important parts in the causation of 
these lesions at an early period, defi- 
ciency of one hormone, insulin. must 
be given primary consideration as the 
underlying factor. In  vouthful dia- 
betics, the onset and course of vascular 
long observed. 
Additional necropsy data are needed, 
but are difficult to obtain owing to the 


complications may be 


improvement in treatment with conse- 
quent prolongation of life. 
Between 1938 and 1946 clinical and 


post mortem records of the New 


® These estimates are based upon the ‘“‘medium” 


Whelpton in Estimates of the Future Population of the 
Board, Washington, D. C., Table 7, page 68. 
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England Deaconess Hospital include 10 
patients whose diabetes began before 
the age of 20 years and 2 others with 
onset at 22 and 27 years with diabetes 
of 0.2 to 20 years duration. Millard and 
Root® found that in 5 whose diabetes 
was of less than 5 years duration, no 
vascular complications were present. In 
7 of these 12 patients, whose death 
occurred at ages between 25 and 32 
years, coronary arteriosclerosis with 
partial or complete occlusion was 
present. Nephrosclerosis was present 
in 6 of the 7 and intercapillary glomeru- 
losclerosis was present in 3. The 
globular masses of hyaline material 
between or within the glomerular 
capillary walls described by Kimmel- 
stiehl and Wilson, present in 3 cases 
emphasize the fact that this lesion is 
as typical of diabetes in youth as in 
later life. A striking feature of the post 
mortem examinations of these 7 vouth- 
ful cases with diabetes of more than 
10 years duration is the fact that the 
arterial lesions are not of a_ single 
character. They involve all 3 of the 
common types: (1) calcification and 
sclerosis of the media of the Moncke- 
2) intimal atheromatosis 
involving the aorta as well as the 


berg type; 


atteries; and (3) arteriolar 
evident especially in the 
kidneys, but also in splenic and pan 
creatic vessels. The lesions are identical 
with those seen in diabetes of late 
life. It must be concluded that it is the 
long duration of diabetes which in 


coronary 


sclerosis 


some Way Causes the lesions. 

In the study of the pathology found 
at autopsy among 606 cases of diabetes 
290 males and 316 females, reported 
from the University of Minnesota b 
E. T. Bell,! 78% of the deaths were o 
persons over 50 vears of age. Only 15 
cases were under 20 vears and 21 cases 
between 20 and 30 years of age. It 
does not appear from the discussion 


forecast of population published by Thompson a 
United States, 1940-2000, National Resources Plann 
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that any material was available on 
patients whose diabetes began in 
childhood and who had oanvived 12 or 
more years of diabetes. Twenty % 
of the cases died in diabetic coma. 
Gangrene and coronary disease to- 
gether accounted for 27.2%. Pyelone- 
phritis accounted for 1% (6 cases ), and 
uremia tor 0.7% (4 cases). By combi- 
ning deaths from coma, infection and 
vascular disease, Bell concluded that 
66.3% of diabetics die of complications 
related to the diabetes. It is not strange 
that in series lacking youthful 
patients with diabetes of long duration 
it would be easy to conclude that 
intimal thickening in small renal 
arteries occurred after the age of 50 
years easily. After 50 years of age it 
was five times as frequent in the dia- 
betics and was more intense than in 
the control series of non-diabetic autop- 
sies. Yet Bell's 15 cases, aged’ 10 to 20 
vears, showed in 20% slight arteriolo- 
sclerosis and in 25% of 20° cases 
between 20 and 30 years of age arterio- 
losclerosis of grades 1 and 2 was 
present. It is this renal  arterio- 
losclerosis which is a striking feature in 
the autopsies of our juvenile diabetic 
patients who have survived diabetes 12 
to 15 years. Dr. Bell states that a thick 
homogeneous hyaline deposit in the 
iterioles is strong evidence of dia- 
betes. It seems clear that in some way 
liabetes brings about at an early stage 
1 life hyaline changes in the arteries 
a arterioles with consequent hyper- 
tension and renal disease. Possibly the 
valine masses in the glomeruli are so 
losely related to arteriolosclerosis 
hat they should be regarded as 
lepende nt upon the same fundamental 
ctiology. Certainly the large nodular 
sions are almost pathognomic of 
iabetes. In Bell’s series of 40 diabetics 
om 1 to 30 vears of age, neither 
dular nor diffuse “inte reapillary” 


sions occurred, but they were fre- 
ient from 50 years onward. The 


association of the“intercapillary glomer- 
ulosclerosis” with arteriolosclerosis and 
arteriosclerosis of larger vessels is 
evident in Bell's series and in our 
patients. 

In the series of Gauld, Stalker and 
Lyall,’ 12 of the 24 diabetics reported 
deve loped progressive renal complica- 
tions after diabetes of long duration. In 
6 of the 7 cases observed post mortem, 
Kimmelstiehl-Wilson lesions and neph- 
rosclerosis were present. They also 
comment upon the presence of pyelo- 
nephritis in 3 cases. 

That one must consider in diabetes 
not only the arteries but also the veins 
and capill: iries has been clearly shown 
in recent years. Thus Root and Rodri- 
guez!” have studied capillary fragility 
in diabetes. In 26 cases with retinitis 
and increased capillary fragility, 11 
were from 21 to 39 years of age. It 
is quite evident in young diabetic 
patients that change in capillary fra- 
gility occurs within 5 to 12 years after 
the onset of diabetes and is fre quently 
associated with beginning evidences of 

vascular disease. Usually such patients 
will within a few months or a year or 
two begin to show retinal hemorrhages, 
subsequent to vascular disease. The 
nature of the change occurring in 
capillary vessels is yet undetermined 
and the place of such substances as 
rutin and ascorbic acid in its treat- 
ment is being investigated. In recent 
years increasing attention has been 
given to small venules in the retina. 
Dilatation of these venules and some 
of the hemorrhagic manifestations in 
the eyes in retinitis prolife rans seems 
clearly due to disturbance in the veins. 

These facts may indicate different 
etiologic factors are at work and that 
diabetes of long duration exerts a 
specific influence permitting — early 

vascular damage of varying types. 
Clinical examination of 192 diabetics, 
in whom diabetes began before the age 
of 15 years and who have survived 20 
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or more vears ot diabetes. showed 


calcified vessels by Roentgen-ra\ 
examination, albuminuria. hypertension 
or retinal hemorrhages in 86%. How- 
ever, in 14% of these patients no such 
lesions were found, which gives hope 
that better 


these changes in the future. 


treatment may postpone 

Three basic questions may be stated 
upon which divergent views have been 
expressed | Is arteriosclerosis a 
cause or an effect of diabetes? There 
are still some physicians of experience 
who believe that arteriosclerosis causes 


diabetes. Such cases must be rare. On- 


rABLE 2.—CAUSE OF DEATH ACC( 
531 DIABETICS WITH ONSI 
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set of diabetes declines in frequency 
trom the age of 60 onward. No case in 
2.500 childhood diabetics has shown 
hypertension or arteriosclerosis at on- 
set of the diabetes or developed it 
until diabetes has existed for periods 
trom 5 to 15 years. (2) Is arteriosclero- 
sis a complication of diabetes or is it 
an integral manifestation of the basic 
disorder which causes diabetes? Dry 
and Hines* postulated an_ inherent 
weakness in the diabetic constitution 
which affects both the insulin-produc 
ing tissues and the vascular system 
with a common mechanism for the 


IRDING TO DURATION OF DIABETES 
r PRIOR TO 30 YEARS OF AGi 


) Pneumonia 
t D N ( Nephriti Heart Pubercuic Sepsis 
Deat! 
() 19 166 56 | 5 s 12 13 
9-14.9 22:3 28 13 S 12 15 22 
15-20 plu 142 3 5.) 32 ; 9 19 
lotal Deaths 531 150 82 67 59 67 106 
rABLI COMA AS CAUSE OF DEATHS IN YOUTH RELATED TO AGE AT ONSE! 
AND DURATION OF DIABETES 
Ace it On 
Diabet 0-14 Year 15-20 Year 91-30 Years Plu 
Deatl Death Coma Deaths Ci Deaths Coma 
Q0- 4.9 78 71 vi 16 51 38 
14.9 Q5 37 16 9] 18 
15-20 plus 1S 18 76 
rABLE 4.—-NEPHRITIS AS CAUSE OF DEATH RELATED TO AGE AT ONSET 
AND DURATION OF DIABETES 
Duratior Age at Onset 
Diabet 0-14 Years 15-20 Years 91-30 Year 
it Deatl Deaths Nephritis Deaths Nephrit Deaths Nephritis 
Years % 
Q- 4.9 78 4 37 5 51 2 
5-14.9 95 1] 37 1] 91 17 
15-20 plus 18 48 18 22 76 23 
Total 291 92 218 
TABLE 5._CALCIFIED ARTERIES IN 82 YOUNG DIABETICS RELATED 
TO DURATION OF DIABETES 
Durat Arteries Calcification Present 
Diabet \vera Number Calcified Aorta Pelvic Arteries Leg Arter 
Years Age Cases % % / 
0-10 98.2 8 0 0 0 0 
10-15 95.8 7 33.3 5.8 29.4 
15-20 °7.6 33 54.5 94.2 33.3 45.4 
20-28 33.5 24 83.3 25.0 45.8 70.8 
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production of arteriosclerosis, retino- 
pathy and neuropathy on the basis of 
involvement of the nutrient vessels to 
these structures. I disagree with this 
view. First, it would necessitate arteri- 
osclerotic disaster for all diabetics, 
which in fact does not happen. Second, 
in time one should certainly find in 
some of the 2.500 children and another 
2.000 with onset diabetes from 15 
to 30 years of age, cases in which 
vascular disease preceded the diabetes. 
This has not been observed. (3 Are 
the arteriosclerotic complications — of 
diabetes the result of changes charac- 
teristic of clinical diabetes? I believe 
the excessive arteriosclerosis in young 
diabetics of long duration is the result 
of uncontrolled diabetes and conse- 
quent features such as the poor resist- 
ince to infection with resultant pyelo- 
nephritis, pyorrhea, etc. In support of 
this view are cited 16 cases recently 
studied who now after 20 to 25 vears 
diabetes show evidences of 
nephritis, arteriosclerosis by Roentgen- 
rav examination, or retinal hemorrhages. 
Causes of Death in Diabetes with 
Early Onset. In Table 2 are shown the 
causes of death for 531 patients whose 
liabetes had its onset between 
nfancy and 30 years of age. The series 
omprises 991 patients with onset of 
liabetes before their fifteenth birthday. 
2 patients with onset between 15 and 
) years, and 218 patients with onset 
etween 21 and 30 vears. Coma caused 
6% of 166 deaths occurring during 
the first 5 vears of diabetes but there- 
fter it declined as a cause of death. In 
the group of 142 deaths occurring after 
) years of diabetes, it caused only 3%. 
he striking feature of this table is the 
crease in deaths from nephritis and 
teriosclerotic heart disease to 30 and 
of all deaths occurring after 15 
ars of diabetes. In Table 3 the place 
coma in childhood is more clearly 
own, since 71% of deaths occurring 
ithin 5 years after onset before the 


age of 15 years were due to coma. Its 
virtual disappearance as a cause of 
death after diabetes had been present 
15 years applied not only to the child- 
hood but also to the cases with onset 
of diabetes between 15 and 30 vears of 
age. An analysis of nephritis as a 
cause of death is given in Table 4. It 
is evident that among deaths occurring 
within 5 years duration of diabetes 
nephritis plays little part, from 2 to 
5%, or actually only 6 deaths among 166 
total deaths. After 15 vears of diabetes 
18% of 48 deaths in patients whose 
diabetes began in childhood and 22% 
of 94 deaths in the other groups present 
the crux of the problem in the treat- 
ment of youthful diabetics, for it is 
the association of the renal lesions with 
hypertension, retinitis and later 
coronarv disease, which most concerns 
us. 

The relation of duration of diabetes 
to onset and development of vascular 
and renal lesions may be studied in 
various wavs. In Table 5 are summa- 
rized the results of Roentgen-ray exam- 
inations of pelvic arteries, leg arteries 
and of the aorta (lateral films) in 
young diabetics. calcification was 
found in cases with average age 28.2 
vears and with diabetes less than 10 
vears in duration. Thereafter, as the 
duration of diabetes increased, the 
incidence of visible calcification rapidly 
increased until 83.3% of cases with dia- 
betes of over 20 years’ duration showed 
calcified arteries. The arteries of the 
leg usually, but not always, show calci- 
fication first. Granted that calcification 
is a late stage in arteriosclerosis, it is 
still significant and especially in the 
pelvic arteries, where its grave prog- 
nostic import in pregnant diabetics of 
long duration has been emphasized by 
Priscilla White. 

The high incidence of renal and 
vascular disease has been thought to be 
due to infections. endocrine factors, dis- 
turbed mineral metabolism, and uncon- 


trolled diabetes. While it is true that 
diabetic patients are susceptible to 
streptococcus and staphylococcus infec- 
tions, this group has not shown prior 
to the incidence of vascular disease or 
nephritis infections which could be 
related to them, except tor pvelone- 
phritis. Sharkey and Root'™ pointed out 
the excessive frequency of pyelone- 
phritis in diabetics of long duration. 
Determinations of basal metabolisms, 
analyses of blood for such pituitary 
factors as follicle stimulating hormone 
and the excretion of 17 ketosteroids in 
a limited number of patients have not 
shown a clear picture. However, the 
studies of Selye'! demonstrate experi- 
mentally the production of nephros- 
clerosis by means of injections of 
pituitary extract and the use of high 
protein-high salt diets. When the rela- 
tion between the control of the dia- 
betes as measured by hyperglycemia, 
glycosuria, acidosis and the faithful 
adherence to a prescribed diet are 
tabulated striking 
correlation between lack of diabetic 
control and the development of vas- 


there appears a 


cular lesions. Thus, in 28 cases among 
the 192 diabetic children who survived 
20 vears of diabetes, Roentgen-ray 
examinations and clinical studies were 
normal, and in this group coma had 
only occurred in 17%. In 114 cases, 
calcified arteries in the legs or pelvic 
vessels were present with transient 
albuminuria, with hypertension and 
only one or two retinal hemorrhages. 
In this group, coma had been present 
one or more times in 35%. 

Fifty patients were incapacitated 
with angina pectoris, progressive ne- 
nhritis, cerebral accident, retinitis pro- 
liferans and in them coma had been 
present in 74% one or more times. 
Coma represents maximal lack of dia- 
betic control. 

In considering the eve lesions of this 
group, one must abandon the idea that 
the retinitis follows, or is consequent 
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upon arteriosclerosis. The small round 
retinal hemorrhages, typical of dia- 
betes, occur in patients without hyper- 
tension and betore arteriosclerosis or 
albuminuria can be found. Frequently 
it is true these patients show increased 
capillary fragility and at present. it 
appears probable these lesions are an 
essential and early stage of vascular 
disease. The striking thing about the 
retinal lesions of this young diabetic 
group is the tendency for progression 
from the stage of small hemorrhages 
to the stage of proliferation so com- 
monly known as retinitis proliferans. In 
non-diabetics, on the other hand, small 
hemorrhages are frequently absorbed 
and only rarely stimulate proliferation 
of capillaries and fibrous tissue. This 
phenomenon is characteristic of a dia- 
betic and seems in some way con- 
nected with the faulty metabolism of 
uncontrolled diabetes. 

One must remember that, in the dia- 
betic, disturbances of protein and fat 
metabolism, as well as of carbohydrate, 
do occur. To the ophthalmologist a 
faulty protein metabolism seems most 
likely to explain various phases of 
retinitis. The normal eve fluids contain 
no proteins only electrolytes, sugar and 
urea. Blood colloids are held back by 
the endothelium which is impermeable 
to colloids. There is an effective fluid 
exchange by osmosis. The abnormal 
ocular fluids contain protein and there- 
bv break down the normal osmotic 
interchange. As a result the pressur« 
within the eve increases. A breakdown 
of proteins in stagnant fluid gives toxic 
products promoting hemorrhage and 
the ingrowth of new capillaries. Th 
abnormal kidney allows leakage of pro 
tein and edema. 

Of 23 known amino acids, 10 are 
thought to be essential to life. Th 
body can proteins fron 
these amino acids in the liver. Th 
body can form glycine but cannc 
form cystine, tyrosine or histidin« 
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Cystine is in a key position for the 
formation of amino acids into protein 
and it is a curious fact that in some 
liabetic patients there are hints of a 
disturbance in cystine metabolism. It 
is true that in diabetic animals made 
diabetic by alloxan a fall in the cystine 
of the blood occurs. Furthermore. 
administration of cystine impairs the 
effectiveness of alloxan in producing 
necrosis of the islands of Langerhans. 
This field is now being investigated 
with some promising preliminary 
results. One may say, therefore, that 
with respect to carbohydrate, fat and 
protein metabolism abnormalities occur 
in the uncontrolled diabetic, some of 
which may be directly related to the 
eye. Thus, the nitrogen balance in dia- 
betic patients may be negative during 
periods of poor control and was often 
und negative during the early periods 
of treatment by under-nutrition. The 
evidences of liver disease affecting the 
formation of protein substances in dia- 
betic patients is suggestive, although 
the large liver filled sometimes with 
glycogen, sometimes with fat, has not 
always been shown to be deficient in 
its protein-forming function. 

The localization of the first evidences 
of arteriosclerosis is difficult. At present 
we try to carry out Roentgen-ray eX- 
aminations af all diabetic patients in 

e juvenile group and of all other dia- 
betic patients seen between the ages 
of 20 and 40 years. A summary of re- 
cent roentgenograms in 82 such cases 

given in Table 5. We found that only 

uit of 24 patients with diabetes over 
years failed to show visible califica- 

m either in the arteries of the legs, 
pelvis or the aorta. In patients with 
diabetes from 10 to 20 years, califica- 
tion was absent in only 21 out of 50 
patients. In 8 patients with diabetes 


t 
5 
t 


less than 10 years, no calcification could 
be found. The average age when calci- 
varied from 26 
vears for the females with diabetes less 


fication was first seen 


than 20 years to 31 years for the fe- 
males with diabetes over 20 years. Ap- 
parently the duration of di: ibetes is the 
most important factor. As just stated, 
no calcification was found patients 
with diabetes of less than 10 years’ du- 
ration; in the 50 patients having dia- 
betes trom 10 to 20 years the average 
duration of diabetes was 15 vears when 
the first evidence of calcification was 
seen; in the patients with diabetes for 
more than 20 years the average dura- 
tion of diabetes was 20 years when cal- 
cification was noted. The last 2 groups 
show little difference in average insulin 
requirement. Thus, 44 units was the 
average dose for patients of long dura- 
tion and 50 units was the average dose 
tor the 50 cases of shorter duration. 
The average blood cholesterol value at 
the maximal was 306 for the females of 
less than 20 years’ duration and 285 for 
the females of more than 20 years’ du- 
ration. Males averaged 242 mg. and 
296 mg. In this group of 74 patients, 
therefore, an increased plasma choles- 
terol has been an almost constant find- 
ing. not necessarily at the onset of the 
diabetes, but at some time during the 
course of the diabetes and frequently 
during the stage when albuminuria, hy- 
pertension, hypoproteinia had devel- 
oped. In a series of 26 young diabetics 
reported by Mann, Gardner and Root, 
the plasma cholesterol values remained 
normal during the first years of dia- 
betes, but became abnormally elevated 
on the average of 12 years after onset, 
when the first clinical evidence of renal 
disease became evident. In 36 patients 
the serum protein was over 6%, whereas 
in 18 cases the serum protein was under 
6% 


Summary. The cause of death in pa- 
tients whose diabetes begins in child- 
hood and prior to the thirtieth year of 
age changes rapidly if death occurs 
after pr olonged periods of the disease. 
Thus, acidosis and coma account for a 
majority of deaths which occur in the 
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first few years of diabetes, but it is only 
the cause of 3% of deaths in diabetic 
patients of this youthful group who 
survive more than 15 years of the dis- 
ease. On the other hand, death from 
arteriosclerotic disease increased rap- 
idly among those patients who have 
lived more than 15 years with diabetes. 
In patients with onset before 15 years 
of age, arteriosclerotic nephritis is a 
cause of 48% of the deaths which occur 
after 15 years of diabetes. In those 
patients whose diabetes begins be- 
tween the fifteenth and thirtieth years, 
nephritis is similarly a major cause of 
death; but after 15 years of diabetes 
coronary dise ase be comes of equal 
prominence in this older group. The 
vascular disease of these young people 
is characterized by the fact that it af- 
fects all tvpes of arteries. Atheromatosis 
of the larger vessels, arteriolosclerosis 
and medial calcification are found 

various degrees The renal lesions also 
are usually mixed, including the typical 
lesions of Kimmelstiehl disease and also 
typical lesions of pyelonephritis and 
chronic glomerulonephritis. Endocrine 
factors, infections, but chiefly loss of 
control of the diabetes itself are the 
prominent etiologic factors. In diabetic 
children the greater the frequency of 
diabetic coma, the more advanced the 
degree of vascular lesions found after a 
period of 15 years. Nevertheless, ar- 
teriosclerosis is not inevitable. Many 
cases after 20 years of diabetes fail to 
show retinal lesions or vascular disease. 
When the extraordinary improvement 
in the treatment of diabetes which has 
followed the introduction of insulin is 
considered, one cannot help but be 


optimistic tor the future and retuse to 
“sell American medicine short.” 


Conclusions. Vascular disease in dia 
betic patients in youth involves not 
merely the arteries and arterioles but 
also the veins and c: ipillaries. Increased 
capillary fragility and retin: il hemor- 
rhages often are early findings. Changes 
in the retinal veins are common. Renal 
complications associated with vascular 
disease include the Kimmelstiehl-Wil- 
son syndrome, hypertension, edema and 
albuminuria with hyalinization of ar 
terioles. Chronic pyelonephritis is tre 
quently the cause of renal failure 
occasionally in association with arterio- 
losclerosis and nephrosclerosis, and 
occasionally glomerulonephritis. The 
striking fact that all types of arterial 
disease occur in these young diabetic 
patients after years of diabetes ma\ 
suggest multiple etiologic factors—in 
metabolic 
However, the development early in 
life, the definite relationship be tween 
degree of diabetic control and the se 
verity of these vascular lesions speak 
for an intracellular vulnerability to 
various etiologic factors conditioned by 
diabetes itself. 

An estimate of 75,000 patients who 
now have diabetes or will soon develop 
it between the ages of 15 and 30 vears 
in the United States is conservative 
The need for a concerted study of the 
relations between the character of dia 
betic control, the proper use of insulin 
the management of infections and th 
development of vascular disease in th 
kidneys, retina and heart stands as 
challenge to pathologists and internist: 


alike. 


fections, endocrine and 
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Tue production of hyperglycemia 
and glycosuria following the injection 
of adrenalin, was demonstrated by 
Metzgar,'* Paton,!* and Blum* shortly 
after the turn of the present century. 
It was subsequently demonstrated that 
such adrenalin-induced hyperglycemia 
failed to occur itectomy 
in experimental animals and following 
ligation of the hepatic artery.®:'?:'5 7 
Loeper and Verpy'! first evaluated 
blood sugar response in humans with 
liver damage, as ated to normal 
controls, and thought that the proce- 
dure could prope rly be utilized as a test 
of liver function. Brill in 1929.5 Sucks- 
dorff in 1990, 16 Althausen and his co- 
worke rs,t?8 Loeb, Reeves, and Glasier 

1931,1° Cantarow and Ricchiuti 
in 1934? re-evaluated the procedure as 
a Clinical test of liver function; but con- 
cluded that the adrenalin response was 
too unpredictable to permit its use as 
a quantitative instrument. 

In all of the investigations above 


following 


* This work has been performed under a 
ind the University of California. 

t We wish gratefully to acknowledge amp 
have been furnished by Parke, Davis and Co. 

Acknowledgement is made to Mrs. M 


HMBC, AND RICHARD A. SPRINGER, PHM38C, USN 
IAKLAND, CALIFORNIA 


California Medical School: Metabolic Researcl 
of California Medical School; and the 
U. S. Naval Hospital 


mentioned, adrenalin was administered 
varving from 0.3 to 1.0 ec 
of 1:1000 solution by hypodermic injec- 
tion, to individuals whose 


in dosage 


dietary in- 
take had been subject to no standard- 
ization in the days preceding the test 
Bierry and R: ithery* showed that ad- 
renalin hy perglycemia may be signif- 
icantly modified by diet. It 
probable that the inconstant results 

obtained by ~ vious workers are refer- 
able to lack « f adequate preliminary 
(see later ). 

We first became interested in the 
procedure from a non-hepatic aspect; 
that is, from the standpoint of variation 
of hepatic glycogen storage in certain 
endocrinopathies. The investigation was 
pursued initially in a somewhat spo- 
radic fashion, being chiefly concerned 
with the obtaining of control data in 
medical students and house office 
with an occasional observation on pa- 
tients with endocrinopathies and hepa- 
topathies. This portion of the work was 


seems 


contract between the Office of Naval Research 


le supplies of Adrenalin Chloride Solution which 


F. Jack for her assistance in the editing and ty; 


of this and other papers from this laboratory. 
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finished in 1944, and will be noted be- 
low as Phase 1. 

Phase 2 began in the Philippines in 
1945. One of us, L.K., observed hun- 
dreds of patients suffering and conva- 
lescing from acute epidemic hepatitis. 
The majority of these patients on a 
regime of rest and adequate diet be- 
came clinically well within 4 weeks of 
the onset of jaundice. Those of us re- 
sponsible for the management of these 
men had 3 major problems: 

|. To determine, as early in the dis- 
ease as possible, which men would con- 
valesce in average time with a simple 
rest-diet regime, and which would de- 
velop the more serious degrees of hepa- 
titis, requiring more strenuous therapy 
and prolonged hospitalization. 

2. The evaluation of the effective- 
ness of therapeutic measures such as 
plasma, blood, and protein hydrolysate 
infusions. 

3. The matter of determining when a 
post-hepatitis patient was ready to re- 
turn to duty. 

Considerable data were obtained 
during this period. Because of the lack 
of optimal control in some phases of 
the study, a report was delayed until 
such time as the work could be re- 
peated on a smaller group under ade- 
quately controlled conditions. 

Phase 3, begun in 1946, constitutes 
such a controlled study. The observa- 
tions made in the tropics, under poorly 
controlled conditions, have been con- 
firmed (see below). 


Results. Phase 1: Only data on nor- 
mal controls obtained during this pe- 
riod will be considered at this time. 
Liver glycogen storage in endocrin- 
opathies and in response to hormone 
administration will be reported in a 
separate publication. Fifty-four obser- 
vations obtained on 39 adult 
males during this period. A dose of 0.01 
ce. of 1:1000 solution of adrenalin (10 
micrograms) per kg. of body weight 


were 
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was arbitrarily selected as the standard 
amount to be administered intramus- 
cularly. This dose has been used 
throughout this study except in a few 
individuals, in whom 4 sets of values 
were obtained—2 with the dose noted 
above, and 2 with larger dosage. No 
significantly greater blood sugar re- 
sponse was obtained in any instance 
with the larger dose. 

By way of preparation, all control 
subjects received a high carbohydrate 
intake for 3 days prior to the test. The 
importance of this in other “carbohy- 
drate” tests has previously been 
stressed.” Initially, the procedure was: 
1. Fasting blood specimen for sugar 
determination; 2. Administration intra- 
muscularly of 0.01 cc. 1:1000 adrenalin 
per kg. body weight; 3. Blood speci- 
mens at 15, 30, 45, 60, 90, 120, 180 
minutes for sugar determination. 

The curves so obtained, with rare 
exceptions, were essentially identical 
with those obtained in a normal glu- 
cose tolerance test. A composite pre- 
sentation of the above data is shown in 
Figure 1. 

In all but 1 instance in the first 20 
controls, the maximal rise was obtained 
between the 30 and 60 minute periods. 
Since the purpose of the test was to 
measure maximal adrenalin response 
(maximal hepatic glycogenolysis), the 
procedure was simplified by obtaining 
only 0, 30, 45, and 60 minute blood 
samples and reporting the test in terms 
of difference between the fasting and 
maximal post-adrenalin blood sugars. 
This shorter procedure was followed in 
all subsequent tests. 

These data show that blood sugar 
elevation in response to adrenalin ad- 
ministration under standard conditions 
in normal individuals ranges from 40 
to 100 + mg. per 100 cc., with an 
average value of 58. This maximal ele- 
vation is obtained within 60 minutes 
following adrenalin administration. 

Phase 2. 143 tests of hepatic glycogen 
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storage were performed on military 
personnel, all suffering or convalescing 
from acute epidemic hepatitis. Of these, 
110 performed on 76 patients were rea- 
sonably well controlled from the stand- 
point of a diet adequate in calories and 
high in carbohydrate (by mouth or in- 
travenously ) for one or more days prior 


to the tests. The remainder could not 
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lor descriptive purposes, the pa- 
tients have been divided into 3 groups 
on the basis of intensity of the jaun- 
dice, and duration of the disease. Group 
lL includes individuals with a maximal 
icterus index of 30 units and a duration 


of clinical jaundice of not more than 2 


weeks. Group 2, those with a maximal 


icterus of 60 and maximal duration of 
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FIGURE 1 


iverage curve, range, 


Hepatic glycogen storage test Adrenalin response in normal subjects, showin 
mean, and effect of dosage. The larger dosage does not 


significantly increase the maximal response 


be controlled adequately and are not 
included in these data. Long standing 
malnutrition in some of those patients 
included in the controlled group may 
very possibly have affected the adren- 
alin response, irrespective of the actual 
hepatic status of the individual. This 
was the major factor which led us to 
await Phase 3 before reporting our 
findings. 


jaundice of 4 weeks. Group 3 include: 
all those with the most severe form of 
the disease. The findings are shown it 
Fig. 2. In more than 80% the glycoger 
storage test values included in thes: 
averages were obtained during the firs‘ 
2 wecks of clinical jaundice. The corre 
lation of the adrenalin response wit! 
the clinical course of the disease, an: 
with the icterus index seems obviou: 
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Correlation with other liver function 
tests, and serial values in the same in- 
be considered under 


dividual 


Phase 3. 

\s stated before, 3 major questions 
needed to be answered in these men:— 
a) Early Determination of the Prob- 
able Severity of the Disease. It will be 
noted that the average response to 
the first and 
weeks of the disease in Group 1 was 
within the normal range, and that gly- 
9 


idrenalin in second 


cogen storage test values in Group 
more closely approached the normal 
than did those in Group 3. (b) Evalua- 
tion of the Effectiveness of Therapeu- 
Agents. Aside from diet, the only 
therapeutic agents used in this phase 
{ the program were plasma, and _pro- 


tic 


Ol 


HEPATIT 


Adrenalin response of patients studic 
hepatitis. There was little overl: 


ein hydroly sates. To our considerable 
urprise, hydrolysates seemed to cause 
more prompt clinical and chemical 
mprovement than did plasma. This 
vill be discussed further in another re- 
ort. (c) Determination of Complete 
Cure’ of the Hepatitis. The glycogen 
test was not found to be a re- 
able index of “cure” in the sense of 
omplete readiness for full activity. 
he adrenalin response usually became 
ormal in the presence of an abnormal 
ephalin flocculation. 

Phase With the inauguration of 
present University of California- 
‘avy research program in the patho- 
gic physiology of the liver, the fur- 
ier evaluation of this test under pre- 
sely controlled conditions was given 
gh priority. 


torage 
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Technic. The 3 day high carbohydrate, 
iso-caloric or hyper-caloric intake previously 
noted has been continued. In addition, be- 
tween 8 and 10 p.m. the night preceding the 
test, the individuals under study received $ 
ounces of fruit juice fortified with 2 ounces 
of glucose, the obvious purpose of all these 
measures being to obtain maximal storage of 
glycogen in the liver. 

Clinical Material. Over a period of almost 
2 years, a large group of patients with acute 
hepatitis in all phases and of all degrees of 
severity studied. The same state- 
ment applies to men with cirrhosis, i.e. 
chronic, advanced liver damage, usually alco 
holic in origin. 

A small group of patients with chronic, 
non-resolving, viral hepatitis has also been the 
subject of intensive study. 

All these men have been under unusually 
well controlled conditions with regard to food 
intake, activity, and clinical and chemical 
evaluation. A number have been on balance 


has bee n 


with mild, moderate, and severe 


ipping between the 


‘din Phase 


3} groups. 


study regimes; that is, have had absolute con 
stancy of dietary intake during most of their 
period of study. 


Findings. Acute Hepatitis. In Fig. 3 
are shown serial studies of 10 patients 
selected essentially at random from 
several score of such individuals. All 
10 men were less than 30 years of age 
and had “classical” forms of the dis- 
ease; all were severely jaundiced when 
first studied; all but one had histolog- 
ical confirmation of the diagnosis by 
one or more biopsies; and all eventu- 
ally made complete chemical and clin- 
ical recoveries. Total bilirubin values 
are not shown in some instances be- 
cause of the use instead, of the icterus 
index. 

PatieNtT BAB—Clinically this man made a 
moderately but uneventful 


slow, otherwise 


Tn MBER Fl MAXIMA MAXIM T waxim 
A FICATION PATIENT RATION OF f N N 
JAUN E N x 
WEEK 
MODERATE HEPATIT a 4 WEEK 
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recover\ ind returned to his work as a appare ntly comple tely recovered. The mean 
butcher approximately 5 months after the clin ing of the variability of his glycogen storage 
ical onset of the disease. He was readmitted test response during convalescence from. the 
to the hospital 34% months later with a recur recurrence is not apparent to us at this time 
rence or reinfection from which he has PATIENT BRO—had an initially intense, but 

TAL BE NORMA Sélaaied 32 42,38 83,26 
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FIGURE 3—Serial hepatic glycogen storage values in 10 patients with acute liver damag: 
(hepatitis), including correlation with 3 standard tests of liver function. 
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STUDIES IN HEPATI 


ipidly resolving hepatitis, the course of 
vhich is well indicated by the glycogen stor- 
ge test 
BUR—shows 


st pattern which has been observed in many 


PATIENT a glycogen storage 
f these men—a normal or nearly normal value 
i the first day or two of the disease, followed 
vy a drop to very low levels, and then a 
radual rise, sometimes to high normal levels, 
the latter indicating, perhaps, major hepato- 
ellular regeneration. 

PaTiENTS CAS, DAV, HAU, JON, SMI, 
WIN, and HUN—show varving degrees of the 
hove tindings. 


liver 
function with which we are familiar, 
there is no really close correlation of 
the glycogen storage test with any 


As in the case of all tests of 


GLYCOGEN STORAGE 


standing cirrhosis. The acute flare-up was in- 
duced by a combination of an alcoholic de- 
bauch and congestive heart failure. His liver 
was loaded with fat. On adequate dietary and 
cardiac management, he made a rapid re- 
sponse, which is reflected in his glycogen 
storage test as well as in the other tests of 
liver function. 

Parent DAN—This man had a typical, 
severe, alcoholic cirrhosis of approximately 20 
vears duration. During the entire period cov- 
ered by the data presented (excepting only 
the last 2 values), he was under well con- 
trolled conditions on the hospital ward. Dur- 
ing this time he made slow but steady clinical 
improvement. The last 2 values were obtained 
several months after the patient had left the 
hospital and was on a program of essentially 
full activity. The final glycogen storage test 


other laboratory procedure. In Fig. 4 


g value was obtained after an all night bus ride 


] 
VER FUNCTION TEST | WRRELATION RRE AT INI OF ERVAT 
CEPHALIN | 
HOLESTEROL 
FLOCCULATION 63% 5 
BROMSULFALEIN 
RETENTION 61% 39% 
} 
HYMOL TURBIDITY 60% | 40% 78 
CTERUS INDEX 66% 34% | 101 


KGURE 4 


Correlation of glycogen storage test with 4 other liver function tests in a random 


group of patients with acute and chronic liver damage. 


ie findings in patients with acute and 
chronic liver damage, selected at ran- 
lom, indicating a correlation of this 
determination with 4 other simple tests 
1 liver function considerably more than 
vould be obtained by chance, and 
howing a surprising closeness of per 
ent correlation in all 4 tests. 

Chronic Liver Damage (Cirrhosis). 
li Figure 5 are shown serial studies in 
patients with cirrhosis of varying 
‘tent and acuteness. The findings in 
these men are capable of more exact 

terpretation than are those in the 
itients with hepatitis, because of the 
ore slowly changing nature of the dis- 
ise in the majority of instances. As in 

e hepatitis patients, the diagnosis has 

en proven in each individual by one 

more biopsies. 

PATIENT BEA—This 35 vear old man was 

mitted in a hyperacute phase of a long 


without adequate preparation in terms of 
preliminary high carbohydrate intake. Inas- 
much as he was clinically vastly improved at 
this time, it can be assumed that this final 
value emphasizes the need for adequate pre- 
liminary preparation for the test. 

Patient DRE—was one of the few patients 
in our group with irreversible, progressive 
liver damage. He died a few weeks after the 
last test shown. 

Patient GRA—Very similar to patient BEA 

an acute, severe flare-up of a long standing 
cirrhotic process. He eventually was dis- 
charged free of symptoms, although with con- 
siderable permanent damage to the liver. 

Patient HAN—An aged male with pro- 
nounced intrahepatic portal hypertension and, 
to date, intractable ascites. We cannot ex- 
plain the one normal bromsulfalein value. 

Patient HAW-—A young, alcoholic male, 
with a large liver showing surprisingly little 
fibrosis. Perhaps his extremely high glycogen 
storage test response may be explained on the 
basis of a liver in a hyperregenerative phase. 
Similar findings have been observed in one 
other comparable patient. 

Partent NIB—A middle aged alcoholic 
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with histologic evidence of major fiver 


of ascites. The very abnor- 


male 
damage, but free 
mal glycogen storage tests in the presence of 
normal bromsulfalein test emphasizes the 
value of this procedure as part of a panel of 
tests of liver function. 


WEISS, BARTON 
PatieENtT PAR—A_ middle alcoholi 
cirrhotic, originally admitted with extreme 
ascites which disappeared with adequat 


dietary management. The peaks in the values 
of his tests are referable to specific therapeu 
elsewhere 


tic procedures this is discussed 
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Hepatic glycogen storage in 10 patients with chronic liver damage (cirrhosi 
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STUDIES IN HEPATIC 


1 him, as in NIB, the observation of abnor- 
ial glycogen storage test values in the pres- 
nce of normal bromsulfalein 
triking. 
PATIENT WRI 


findings is 


A young alcoholic cirrhotic 
vith surprisingly normal chemical findings 
espite highly abnormal clinical and histolog- 
il findings. It is interesting that the ab- 
rmal glycogen storage test and a_ barely 
ibnormal icterus index were the only chem- 
il reflections of a major alcoholic debauch. 
PATIENT JOY—A middle aged male in the 
une category as NIB 

Chronic (viral) Hepatitis. The data 
men are included in another 
devoted to a discussion of this 
pathological entity. Suffice it to say 
here that for the most part the glycogen 
storage test findings correlate well 
vith other laboratory observations. 


these 
urticle 


Discussion. The data here reported 
ire representative of more than 2,000 
individual observations obtained over 
period of 5 years. It is our very strong 
onviction that one contributes nothing 
to clinical or laboratory medicine by 
idding inconclusive procedures 
to an already badly confused field. 
is our hope and belief, for the following 
reasons, that the glycogen storage test 
loes not fall in this category: 

|. Any panel of tests of liver function 
should include some procedure which 
provides a clue to the carbohydrate 
of the liver. The 
vlycogen storage test, as contrasted to 
upon the 
administration of 


hew, 


netabolic activity 


rrocedures based oral or 
sugars, 
upplies essentially unequivocal infor- 
in that the initial elevation of 


ood sugar, in response to adrenalin, 


ntravenous 
nation, 


in relate only to pre-existing hepatic 
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glycogen. It is theoretically possible 
that muscle glycogen, broken down to 
lactate in response to adrenalin, and 
then re-synthesized to hepatic glycogen 
might affect the shape of the curve if 
one followed it over a 2 to 3 hour 
period. This is of only academic 
interest insofar as the present report is 
concerned. 

2. From the representative data here 
reported, it is apparent that the gly- 
cogen storage test may supply evidence 
of hepatic abnormality which is not 
supplied by other function tests. It is 
equally obvious that the glycogen 
storage test does not in any sense re- 
place such standard proc ‘edures as the 
bromsulfalein and the cephalin chol- 
esterol flocculation tests. It is again 
emphasized that the reliability of the 
test is dependent upon a careful 
standardization of conditions during its 
performance. 


Summary. The blood sugar response 
to a standard intramuscular dose of 
adrenalin in the normal adult, under 
standard conditions, is predictable and 
dependable. This response is appre- 
ciably diminished in patients with 
acute and chronic liver damage, but 
reverts to normal with its improvement. 
The procedure may gee properly 
be used as one of « “panel” of tests 
of liver function. 


Hemorrhage from esophageal var- 
ices has recently been observed in one 
man some hours post-adrenalin. It may 
be that the association of splenomeg- 
aly and esophageal varices should be 
regarded as a contraindication to the 
procedure. 
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THE EFFECT OF BENZOIC ACID AND CARONAMIDE 
ON BLOOD PENICILLIN LEVELS AND ON RENAL 
FUNCTION® 


By Joun F. 


WALDO, 


M.D. 


Joun M. Masson, M.D. 


Wan CHING 


Lu, M.S. 


AND 


JeANNE B.A, 


SALI 


From the Department of Medicine, 


Since 1943, various substances which 
will intertere with the tubular excre- 
tion of penicillin have been studied. 


‘Diodrast*:! and para-amino hippu- 
ric acid*'! have proven to be effective 
but must be given by continuous intra- 
enous administration in large doses 


and are not clinically practical for this 


reason. Benzoic sodium ben- 
zoate, and recently  carona- 
midet®.5 have been used orally. With 


the exception of caronamide all are 
thought to act by blocking the tubular 
excretion of penicillin. Bronfenbrenner 
and reported 4 to 7-fold en- 
hancement of blood penicillin levels 
when benzoic acid was given orally but 
found that severe fluid and salt restric- 
tion was necessary to accomplish this. 
Spaulding, Bondi, and Early’ also 
reported favorably on the use of this 
substance for enhancing blood levels of 
orally administered penicillin. Boger 

id Baker? have recently re ported fail- 
ure to increase blood penicillin levels 


Favour” 


by the use of benzoic acid when fluid 
id salt intake was not restricted. 
In the last tew months, several 


papers have appeared which deal with 
the clinical use of caronamide.7:!? All 
ve reported the effectiveness of this 


> Aided by a grant from the 
Insurance Medical Research Fund. 
“Staticin” Caronamide 


rpe and Dohme, Inc., Philadelphia, 


LAKE CITY, 


Medical School Research Committee, 


(4 Carboxyphenylmethanesulfonalide ) was 
Pennsylvania. 


UTAH 


University of Utah School of Medicine) 


substance in increasing blood penicillin 
levels. Rather exhaustive renal studies 
in dogs have been carried out by 
Beyer,® who has been unable to find 
any evidence of renal damage from 
this drug. Boger and Baker? have re- 
ported that the administration of caron- 
amide will increase the blood penicillin 
levels by about 8-fold and that this 
effect can be achieved at any dose level 
of penicillin. 

To determine the clinical useful- 
ness of such a drug two questions must 
be answered. (1) When administered 
orally over a long period in amounts 
that will be tolerated by the patient, 
does the drug effectively increase the 
blood penicillin level? (2) Under these 
circumstances, Goes the drug produce 
any renal damage? As far as caron- 
amide is concerned, the question of 
renal damage seems to have been well 
answered in the negative. There is no 
available information of this sort con- 
cerning benzoic acid. This report is 
presented in an effort to answer the 
above questions. 


Methods: The penicillin blood levels were 
determined by the reductase method of Reid 
and Brewer.'4 This method gave good repro- 
ducible results within the range of blood con- 


University of Utah, and in part by the 


furnished through the courtesy of 


( 563 ) 
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entrations found in our subjects and has the 
other that there 


is a sharp endpoint and one that is easy to 


idvantage over methods in 


read. The method was checked by repeated 
determination of known concentrations of 
penicillin in saline and in serum and was also 
checked against the Rammelkamp method. 
Under all these circumstances it was found to 
be adequate All 
fully controlled tor the presence of the so- 
called “antisubtilis factor”.!4 Determinations 
were usually within a 
the time the 

ind this 
Was promptly 


determinations were care- 


made few hours of 
blood sample was withdrawn 
the 


separated and_ frozen. 


when was not feasible serum 
Blood 
urea nitrogen levels were determined by the 
nethod of Archibald! and_ the 
creatinine clearances were determined by the 


usual Jaffe reaction using a tungstate filtrat 


endogenous 


Plan of Study and Results. Benzoic 
Acid—Nine patients in the Intensive 
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Treatment Center (7 with early syph 
ilis and 2 with central nervous system 
syphilis) were selected as subjects for 
this study. All were free from evidencs 
of any other disease, particularly renal 
or hepatic, except 1 who showed con 
sistently a diminished creatinine clear 
ance without other evidence of diseas« 
\t the start it was thought that th 
patients could be studied while receiv 
ing the routine treatment of maphat 
sen, penicillin and bismuth but it soon 
was discovered that mapharsen caused 
a sharp, though temporary, reduction 
in renal function. Consequently th 
patients this experiment 
received v penicillin. No attempt 
was made to limit either fluid or food 


used in 
only 


Chart 1 The 


different from control levels 


Day 


fABLE 1.—BLOOD PENICILLIN LEVELS AND BLOOD UREA NITROGEN LEVELS IN 
PATIENTS RECEIVING 12 GM. OF BENZOIC ACID DAILY 
Average Blood Penicillin Level Average Blood Urea Nitroge: Creatininy 
Units « Mas 100 c« Clearance 
before atte betore ifter min 
Benzoic Acid Benzoic Acid Benzoic Acid Benzoic A¢ Initia Final 
D.K 0.20 0.17 17 14 60 
S.\ 0.20 0.10 11 1S 82 S87 
Mai 0.07 0.20 1] 1S 92 QQ 
Mar 0.08 0.25 IS 37 13] 
AL] 0.11 0.10 IS 70 69 
An 0.16 0.09 >] 19 144 145 
().22 0.28 23 115 124 
].V 0.12 0.14 18 13 Q4 103 
H.P 0.04 0.09 7.5 14.7 129 89 
JV Male Age: 41 
CICArFANC CC. 
94 Bs 103 
10F 45 
Blood pens é evel 
123456 7 6 1011 12 13 14 16 17 18 


blood penicillin level, blood urea nitrogen, and creatinine clearance of 
patient who received 12 gm. of benzoic acid per day for 14 days. None of these was significant! 
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utake during the experimental periods. 
Crystalline penicillin G in saline was 
idministered intramuscularly to all 
subjects in doses of 30,000 units every 

» hours. ‘Lhe control period was started 
itter the subjects had received peni- 
cillin for 18 to 24 hours. Penicillin and 
ood urea nitrogen levels were deter- 
nined daily one and one-half hours 
itter the most recent dose of penicillin 
ind the endogenous creatinine clear- 
ice was measured at the beginning 
iid end of the experimental period and 
in some cases on the fifth day as well. 
\fter a 4-day control period, 12 gm. of 
benzoic acid divided into 8 doses was 
idministered orally for the next five 


(Chart 1). The blood urea nitrogen 
levels showed no consistent alteration 
beyond the rather wide variation from 
day to day that is to be expected when 
the patient is receiving the usual 
hospital diet. In no case did the endog- 
enous creatinine clearance show any 
significant change from the control 
period. Routine urinalysis also failed to 
show any abnormality. 

Caronamide. Twelve patients (5 lue- 
tics and convalescent from various 
infectious diseases) were used as sub- 
jects. All were free from evidence of 
renal or hepatic disease. Blood peni- 
cillin levels were determined daily at | 
and 3 hours after an injection of peni- 


rABLE 2.-BLOOD PENICILLIN LEVELS IN PATIENTS RECEIVING 
CARONAMIDE DAILY 


ent Control Period Dose While receiving Caronamide for 
Penicillin/cc. blood Caronamide 24 hrs. 48 hrs. 72 hrs. 
Av. 1 hr. Av. 3 hrs. Grams/24 hrs. Penicillin/cc. blood at 
1 hr 3hrs. Lhr. Shrs. 1 hr. 3 hrs. 
Gi 0.5 0.12 24 4.0 10 16.0 1.0 16.0 2.0 
O 0.5 0 24 0.5 0.12 2.0 10 636 1.0 
er 0.25 0.09 24 0.5 0.06 1.0 0.5 2.0 0.25 
Du 0.18 0 24 1.0 0.25 0.12 0.06 0.5 0.06 
B. 0.31 0 20 40 O05 10 0.12 2.0 1.0 
OF 0.5 0 20 1.0 0.12 0.25 O 0.25 0.06 
Hic. 0.5 0.09 16 05 012 05 05 20 05 
D.D 0.25 0.06 16 05 0.06 05 0.12 10 £0.25 
Ke. 0.25 0 12 i.0 0.06 1.0 0.12 
St. 0.09 0 12 0.12 0.06 1.0 0.12 0.5 0 
Sm 0.12 0 12 0.06 0 0.12 O 0.5 0 
Car] 0.12 12 0.06 O 0.12 0.25 


lays to all the subjects except one, who 
eceived this amount of benzoic acid 
r 14 days. 

The results of these observations are 
immarized in Table 1. It may be seen 
iat of the 9 subjects, there was some 
crease in the average blood penicillin 
vels in 3, no essential change in 3, 
id a lower average level in 3. Individ- 
i! charts, however, show that the 
anges were not constant from day 

day and that there was really little 
sential change over the control level. 
1e Patient (J. V.) did show about a 
2-fold enhancement but only after 
receiving benzoic acid for 7 days 


cillin. All subjects received aqueous 
penicillin intramuscularly at 3 hour 
intervals, but did not necessarily 
receive the same dose. Each individual 
subject, however, did receive the same 
amount of penicillin throughout the 
experiment. After a 2 day control 
period, the patients were given caron- 
amide in doses varying from 12 to 24 
gm. per day in 8 equal doses for the 
next 3 days. In addition to these short 
term studies, combined penicillin and 
caronamide therapy was maintained 
for at least 1 month in 2 subjects. Each 
patient received 24 gm. or more of 
caronamide per day. Penicillin levels 
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were determined 2 or 3 times a week. 
The purpose of this part of the experi- 
ment was not so much to determine 
enhancement of the blood penicillin 
levels as to evaluate the feasibility of 
administering caronamide over a long 
period. 

The results of the caronamide study 
are shown in Table 2. It may be seen 
that doses of 12 and 16 gm. per day 
tailed, in most cases, to alter the blood 
penicillin level significantly. Doses of 
20 to 24 gm. per day, however, gave 


6 1.01 
} 
9.25 
i] 
Q | 
| 
> 
S 16 ~ 
QO 


respectively was begun. 


4 to 16-fold increases in the blood 
penicillin level (Chart 2). It is of 
interest to note that in a number of 
cases the blood penicillin levels were 
higher 48 and 72 hours after beginning 
caronamide than at 24 hours. It is note- 
worthy too that in many cases caron- 
amide produced a greater relative in- 
crease in the blood penicillin level at 3 
hours than at 1 hour after injection. 
The results in 1 of the 2 patients with 
subacute bacterial endocarditis are 
shown in Chart 3. In the treatment of 
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this patient it became necessary at 
times to increase the penicillin dosage 
Theretore, the actual increase in blood 
penicillin levels cannot be ascribed 
wholly to caronamide. We were partic- 
ularly interested in one phenomenon 
shown in Chart 3. After administration 
of 24 gm. of caronamide per day for § 
days, the penicillin levels fell off 
rather sharply and symptoms recurred. 
When the dose of caronamide was 


increased to 32 gm. per day the blood 


penicillin levels became stable and 


+ | + + 
| 
| | 
| | 
| 
| 


-----fLeve/ af 3hours 


Chart 2.—The effect of various doses of caronamide on the blood penicillin level of individua 
subjects Che arrows indicate the time at which the administration of penic illin and caronamide 


remained so during the rest of the time 
that caronamide was being adminis 
tered. 


This patient, who died on his 96tl 


hospital day, received a total of 1650 
gm. of caronamide in 58 days. At 
autopsy the kidneys were grossly norma! 


and on section showed no abnormalit 
that could be attributed to the drug 
This suggests that this drug even i 
large doses for long periods does n 


damage the kidneys. 
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Discussion. From the above data, it 


is evident that the administration of 12 


gm. of benzoic per day has little effect 
in enhancing the blood penicillin levels. 
It is true that this quantity is not as 
great as others have used, but pre- 
liminary observations convinced — us 
that this dosage was about all that the 
usual patient would tolerate over a 
long period of time. Even with this 
relatively small amount, about one 
third of the patients complained of 
gastric burning and some anorexia. It 
is entirely possible that had salts and 


acid over periods up to 14 days and 
conclude that this drug, in the doses 
used at least, does not damage the 
kidney. 

Caronamide, on the other hand, 
when given in doses of 20 gm. a day 
or more appears to be an effective 
agent for increasing the blood penicillin 
levels, and has the additional advantage 
that no limitation of salt or fluid seems 
to be necessary. More important, per- 
haps, is the ability of caronamide to 
prevent the rapid decline of blood 
penicillin between 


levels injections 


1| T T T T 


r T T T 
Temperature 
oo 
96 
Bacleria 
1c 
blood 
} 
Blood Pen(cillipm Levels 
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12 
Days 


6 HR 
week 5 


Chart 3.—Summary of data obtained in | patient with subacute bacterial endocarditis. In 
hat portion of the chart designated by weeks, the amount of caronamide and penicillin admin 
stered is indicated as the average per day for that week. 

Note the sharp pre-mortal rise in the blood penicillin level. 


luids been strictly limited, the levels 
night have been higher but such 
estriction over several days is difficult 
it any time and in the presence of 

ebrile illness would be undesirable. 
soger and Baker? used up to 24 gm. of 
enzoic acid per day and de ‘monstrated 
o increase of the blood penicillin 
‘vels. We were unable to demonstrate 
impairment 
administration of benzoic 


ny evidence of renal 
uring the 


during intermittent parenteral adminis- 
tration. 

We have found this drug to be 
ordinarily well tolerated by the 
patients. About one-quarter of the 
patients complained of mild anorexia 
which seemed to correlate best with 
the number of pills they were taking. 
No severe reactions attributable to ca- 
ronamide were observed. 

We did not determine the blood or 
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urine caronamide levels of any of the 
subjects in this series. Such measure- 
usetul for 


ments may prove to be 


adjusting caronamide dosage. We 
believe, however, that the alteration of 
the blood penicillin level gives a good 
index as to the eflectiveness of the 
caronamide dosage and at the same 
time offers more usetul clinical informa- 
tion than the caronamide level. This is 
well illustrated in Chart 3. 

It has been stated by a number of 
investigators that in the treatment of 
most of the infectious diseases that 
respond to penicillin, higher levels are 
easily obtained by simply increasing 
the dose of penicillin and that the 
various enhancing agents are of no 
great clinical value. In general, we are 
in accord with this view. However, in 
certain diseases, particularly subacute 
bacterial endocarditis and those intec- 


tions caused by an organism with a 
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relatively high resistance to penicillin 
caronamide is a valuable adjuvant t 
therapy, and combined penicillin anc 
caronamide will result in higher and 
better 
obtained by the use of any reasonabk 


sustained levels than can _ be 


dose of penicillin alone. 


Summary and Conclusions. 1. In th 
presence of normal fluid and electro 
lyte intake, benzoic acid was ineffective 
in enhancing the blood penicillin level 
In doses of 12 gm. per day for periods 
ot 14 


renal damage was observed. 


days or less no measurabk 


2. Caronamide in suitable dosage is 

an eflective agent for increasing and 
prolonging the blood penicillin concen 
tration. 

3. One patient received 1650 gm. otf 
caronamide and showed no damage t 
the kidneys when these were examine: 


post mortem. 
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THE NORMAL ROENTGENOGRAM OF THE CHEST IN 
INFANTS AND CHILDREN 


By Joun KR. Hopcson, M.D. 


SECTION ON 

ROCHESTER, 
THe determination of normal in 
roentgenograms of the chest in infants 
ind children is difficult because of the 
onstantly changing appearance of the 
hest owing to the growth and develop- 
ment of the child. By definition, norma! 
neans “according to or constituting an 


established norm, rule or principle.” 


+} 


In deciding what is to be the standard 
# normal in an infant or child, proper 
ititude must be provided to include 
10se normal variations in morphology 
vhich are secondary to the normal 
rowth and development of the child 
nd which are without significance in 


the diagnosis of disease. 


In addition to the effect of growth 
nd development on the roentgenogram 

the chest there are also obvious 
echanical problems associated «vith 
btaining roentgenograms of the chest 
infants and children. In the adult in 
ost cases it is possible to obtain the 
itient’s that roent- 
nograms of the chest are fairly uni- 
rm with respect to the phase of resp1- 
tion and the position of the chest on 


co-overation. so 


ROENTGENOLOG\ 


MAYO CLINIC 
MINNESOTA 


the roentgenogram. With children, on 
the other hand, even with care in roent 
genography it is difficult to obtain uni- 
form results. Roentgenograms may be 
made in almost any phase of respira- 
tion; position is difficult to control and 
rotation of the patient may produce 
apparent changes in the roentgeno- 
gram, making interpretation difficult. 
Even with restraining devices motion 
is difficult to control. Clothing and hair 
braids, muscle and soft tissue shadows 
seem to be more confusing in the inter- 
pretation of roentgenograms of the 
chest in infants and children than in 
adults. 

Interpretation of the roentgenograms 
of the chest in infants and children de- 
pends on a consideration of these fac- 
tors that will influence the appearance 
of the roentgenogram but the diagnosis 
of normal is not directly related to 
these factors, except that they may act 
to obscure and confuse the correct diag- 
nosis. The roentgenographic diagnosis 
of normal denends on the recognition 
of a progression of changes which take 
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place in the healthy child, which are 
evident on the roentgenogram of the 
chest and which are not associated with 
disease. 

In order to determine what should 
be included in the range of normal in 
infants and children and also to deter- 
mine, if possible, the time, nature and 
degree of any changes in the roent- 
genographic appearance of the chest 
that might be associated with their 
growth and development, I reviewed 
the thoracic roentgenograms of several 
hundred children. These children had 
no symptoms referable to the chest or 
evidence suggesting pulmonary disease. 
\ll these roentgenograms had _pre- 
viously been reported as negative. 

In reviewing these roentgenograms | 
tried to correlate the roentgenographic 
findings with the age of the infant or 
child. For the purposes of interpreta- 
tion, the structures of the chest repre- 
sented on the roentgenogram were 
divided into: 1, the bones of the 
thoracic cage and shoulder girdle; 2 
the aorta, pulmonary vessels and medi- 
astinal shadow, exclusive of the thv- 
mus; 3, the cardiac silhouette; 4, the 
bronchovascular markings; 5, the dia- 
phragm; 6, the lungs; and 7, the thy- 
mus. The age groups of these infants 
and children were also arbitrarily di- 
vided into: 1, newborn through the 
first month: 2, 1 month through 12 
months; 3, 1 vear through 3 vears; 4. 
{ through 7 vears; 5. 8 through 12 vears. 
These various age groups were not de 
termined until after the roentgeno- 
grams of the chest had been reviewed 
and then the separation into these vari- 
ous age groups seemed to be a rather 
natural procedure in view of the find- 


ings as noted on the roentgenograms. 


BrmtrH THROUGH THE First MONTH. 
In most of the roentgenograms of the 
chest in newborn infants the ribs are 
perpendicular to the sninal column and 


encircle the thorax at the same level 
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that they leave the spinal column. This 
varies somewhat with the phase of res- 
piration and occasionally the more 
adult type appearance is seen with 
anterior downward slope of the ribs. 
The body of the scapula and the 
acromion process, as well as the clavi- 
cles, are fairly well formed, although 
the coracoid process is not well devel- 
oped. The epiphysis of the head of 
the humerus can be seen as a small, 
rounded area of increased density be- 
tween the upper end of the shaft of 
the humerus and the glenoid fossa of 
the scapula. 

The shadow of the aorta is not seen. 
The pulmonary vessels are also very 
difficult to identify. The mediastinal 
shadow, which seems to be propor- 
tionately wide, is produced by the thy- 
mus and the cardiac silhouette. 

Cardiac size and shape are extremel) 
variable in newborn infants. Farrell? 
has classified the heart shape into 4 
groups: 1, long narrow; 2, broad apical 
with a narrow base; 3, broad apical 
with a broad base; and 4, round globu- 
lar. The second and third tvpes make 
up the great majority of cardiac contour 
tvpes in infants. Determination of car- 
diac size in infants is not wholly satis- 
factory, possibly because the phase of 
respiration affects the cardiac contour 
proportionately more in newborn in- 
fants than later in life. Weymuller, Bell 
and Krahulik® stated that accurate 
measurement of the cardiac shadow on 
the roentgenogram is technically im- 
possible because of the great individual 
variation in cardiac size and contour 
Farrell? measured the heart size in new- 
born infants and found that the cardio- 
thoracic index was 0.55, only 0.05 
greater than that taken to be normal 
in adults. Most investigators are agreed 
that although there is probably som 
cardiac enlargement the first and sec 
ond days of life, there is probably 
fairly regular tendency toward reduc 
tion in the size of the heart as mani 
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tested on the roentgenogram after the 
second day. 

In my experience the bronchovas- 
cular markings were proportionate ly 
smaller and less distinct in the newborn 
infant than in older persons. 

The diaphragm assumes varied con- 
tours peculiar to the individual. It may 
- domeshaped, flat or even conical. 

Caffey' stated that the conically shaped 
diaphragm tends to be present more 
frequently early in life than later but 
the shape of the diaphragm, once es- 
tablished, does not change appreciably 
during growth to adulthood. Propor- 
tionately the extent of diaphragmatic 
motion is about the same in infants and 
children. 

The lungs of stillborn infants are 
seen as a homogeneous dense shadow 
on the roentgenogram of the chest. In 
the living infant at birth, air enters the 
atelectatic lung, causing expansion of 
the alveolar spaces. In some cases the 
process of expansion is incomplete and 
atelectatic areas are noted in the roent- 
genogram of the chest. Wasson* has 
pointed out that on the one hand these 
may be small patches of increased 
de nsity in the lung involving only small 
regions of pare ‘nchyma or on the other 
hand whole lobes may be unexpanded. 
The time required for complete ex- 
pansion of the lungs has been estimated 
by Wasson® to vary from 5 minutes to 
2 weeks. Solis-Cohen and Bruck® re- 
ported an incidence of 4% of cases of 
newborn infants with atelectasis. Wey- 
nuller, Bell and Krahulik® reported 1 
nfant in 25 who presented roentgeno- 
zraphic evidence of incomplete expan- 
‘ion of the lungs. The bases of the 
ungs are probably the last portions of 
he lungs to become completely aer- 
ited. Atelectasis due to incomple te ex- 
vansion of pulmonary tissue is probably 
iot often seen after the first few days 
ff life. Wasson’, and Weymuller, Bell 
ind Krahulik® described linear mark- 
ngs in the lungs of newborn infants 


that are fairly prominent and can be 
traced well out to the periphery of the 
lungs. These markings are seen rather 
frequently, but disappear after the first 
few weeks of life. The reason for their 
presence is not entirely clear. They 
may be associated with incomplete ex- 
pansion of the lung but their continuity 
with hilar shadows suggests that they 
may be related to some adjustment in 
the pulmonary circulation which takes 
place early in life. 

Farrell? reported the presence of ¢ 
roentgenographically recognizable thy, 
mus in measurable chests in a little less 
than one third of his cases of newborn 
infants. It is probable that roentgeno- 
grams made in the expiratory phase 
would demonstrate a much higher per- 
centage of thymuses. The incidence of 
a thymus in newborn infants depends 
on what is_ inte rpreted as thymic 
shadow. In my experience there is a 
recognizable thymic shadow in prac- 
tically all newborn infants, although 
there is great variation in its size and 
shape. Classifications devised to de- 
scribe the numerous thymic outlines 
become too complicated because of the 
protean character of the organ. 


OnE Monto Turovucu 12 Monrus. 
From 1 month through 12 months the 
thoracic cage does not change appre- 
ciably. The ribs in most cases are 
similar in position to those of the new- 
born infant. The capital epiphysis of 
the humerus grows in size and presents 
an oval appearance. 

The aorta is not visible because on 
leaving the heart it passes directly up- 
ward, backward and down. The pul- 
monary vessels may be seen. If meas- 
ured they are found to proportionately 
larger with re spect to the size of the 
chest than later in life. 

The cardiac size gradually decreases 
during the first year of life, and when 
the child is 1 year old the ratio of 
cardiac size to chest size is approxi- 
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Cardiac size 
atter 6 


that of the adult 
IS probably in 


mately 
normal ratio 


months 


The peribronchial and perivascular 
markings become better defined dur- 
ing the first vear, but they are less 


at this time than they are 
during the next vear of life. The lungs 
in the 
angles are still relatively clear, and the 
peribronchial and perivascular mark- 


noticeable 


region of the cardiophrenic 


ings that can be seen are more or less 
confined to the immediate region of 
the hilus of the lung. 

The diaphragm in this age group is 
not remarkable. The diaphragmatic 
level varies between the eighth and the 
tenth ribs posterior], depending on 
the degree of inspiration and on in 
dividual constitutional structure of the 
child and the characteristic appearanc 
of the diaphragm. 

The growth in length of the child 
gives the lungs 


a more adult appear- 


ance. There are generally no areas of 
fibrosis or calcification encountered in 
the lungs in infants of this age. 

The thymus is usually still present if 
it was seen roentgenologically at birth. 
Wasson? has stated that th 


continues to enlarge up to 1 year of 


thymus 


after which it begins to decrease 
My experience has been that 
most of the 
birth are 


Ave 
in SIZE 
thvmuses that are seen at 
smaller by the time the infant 
is 1 year old. Perhaps this is due to a 
difference in the rate of growth of the 
infant’s chest and the thymus, with the 
chest growing faster than the thymus. 


One YEAR Tuoroucu 3 Years. In the 
average infant, the ribs begin to shape 
downward anteriorly between 1 and 
2 vears of age, and usually by the time 


the child is 2 vears old the ribs have 


reached the relative position and shape 
they will maintain throughout life. The 


clavicles and scapulae are well formed. 
The « piphy sis for the greater tuberosity 


of the humerus appears near the age of 
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2 vears, and the proximal end of the 
humeral shaft acquires a pointed or 
conical shape. The aortic shadow is 
still not seen. The mediastinal shadow 
composed of the bases of the great ves- 
sels and the thymus, is narrower, part- 
lv owing to growth in length of the 
chest and partly to regression of the 
thymus. The pulmonary vessels are still 
slightly larger in proportion to the 
but the 
and third years this disproportion dis- 


entire chest between second 
appears. 

The cardiac silhouette has assumed 
its normal relative proportion to the 
the chest, and although the 
shape varies with the individual there 
is nothing remarkable about it. 


rest of 


During the period between 1 and 3 
vears of age the child usually learns to 
walk and spends relatively more of his 
time on his feet. Beginning at 12 vears 
of age there was noted an increase in 
the bronchovascular markings in the 
roentgenogram of the chest. The ap- 
pearance of the bronchovascular mark- 
the 
influenced by: 


ings on roentgenogram may be 
1, the amount of over- 
ly ing soft tissue; 2, the phase ot respira- 
the 


obtaining the roentgenogram; and 4. 


tion: 3, exposure factors used in 
the amount of connective tissue pres- 
ent in the peribronchial and perivas- 
cular tissues. If all these factors are 
taken is still 


a relative increase in the prominence 


into consideration there 
of the bronchovascular markings be- 
tween 1'2 and 3 vears. It has been sug- 
gested that there may be some dis- 
between th 
bronchi and vessels and the parenchyma 
of the lung. Wasson’ has stated that 
the 
bronchovascular markings birth 


proportion in growth 


there is a_ relative increase in 
to 3 years of age. In my experience 
there is a gradual increase in these 
1% and 

vears. In the 3 year and 4 year age 
groups they are most marked, being 
proportionately more evident than it 


markings between vears 


t 
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the adult, except for the aged. Maresh 
and Washburn* pointed out that in 
follow-up studies of infants and chil- 
dren the variation in the prominence of 
bronchovascular markings is as much 
a part of individual changes in growth 
and development as differences in size 
and shape of the cardiac silhouette. In 
the opinion of these authors, each child 
establishes his own normal for the 
appearance of the hilar shadows and 
pulmonary markings soon after birth, 
and these characteristics are main- 
tained throughout life without any 
consistent relation to the amount. of 
infection that may be present in the 
accessory sinuses of the head. 

The diaphragm in this age group 
was not remarkable. The average dia- 
phragmatic level with respect to the 
ribs was between the ninth and tenth 
posterior ribs. In the roentgenograms 
reviewed for this age group the dia- 
phragm appeared to be flatter and less 
dome-shaped. There was no apparent 
explanation for this fact. 

The pulmonary parenchyma is not 
remarkable in this age group, and in 
the average child no pulmonary paren- 
chvymal shadows are seen on the roent- 
genogram. 

In my experience the shadow of the 
thymus is usually smaller at 1 vear of 
age than at birth, and it decreases in 
size until by 3 years of age it has dis- 
appeared. Very little of the shadow of 
the thymus remains to be seen at 2 
ears of age. Wasson stated that the 
shadow of the thymus in children 
usually disappears by the twenty- 
sixth or twe nty-eighth month. Mosher, 
Macmillan and Motley’ reported that 
oentgenograms of the chest in 2,344 
hildren from 1 to 16 years of age dem- 
mstrated thymic shadows in 7.5%. Of 
hese, 20% were seen at ] vear of age, 
23% at 2 years, 20% at 3 years and 
\0% at 4 years, with the remainder 
nore than 4 years of 


Four THroucu 7 Years. The bones 
of the thoracic cage and the shoulder 
girdle do not show any appreciable 
change early in this age group. The 
epiphyses of the head of the humerus 
and the greater tuberosity of the hum- 
erus begin to fuse. The ribs, clavicles 
and scapulae show the evidences of 
growth that may be expected. The 
cortex is somewhat thicker and the 
trabeculation of medullary bone is 
more well defined. 

In the average child the aortic knob 
is not seen. The pulmonary vessels are 
proportional to the size of the chest. 

The cardiac silhouette is of normal 
shape and size. 

The bronchovascular markings in the 
3 vear to 4 year age group, which seem 
to be more prominent and proportion- 
ately heavier than in older children and 
adults, gradually become less marked 
and assume a normal adult proportion 
as the child reaches the 5th to the 
7th year. 

The appearance of the diaphragm is 
not significant in this group. 

The pulmonary parenchyma occa- 
sionally shows a small area of fibrosis 
or a tiny area of calcification in normal 
children in this group between 4 and 
7 years. It may be argued that a 
roentgenogram of the chest that dem- 
onstrates fibrosis or calcification in a 
child is not normal. On the other hand 
such findings in an otherwise healthy. 
normal child without any previous his- 
tory of recognized disease are rather 
difficult to explain, unless they can be 
classified within the limits of normal. 

The thymic shadow in the normal 
child has disappeared by this time. 

Eicur THroucu 12 Years. Probably 
very few roentgenologists would agree 
now with a statement made over 25 
years ago that “the chest of a child 
(from 6 to 10 years of age) from a 
roentgenologic standpoint is subject to 
such wide variation within normal lim- 
its as to be beyond the possibility of 
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With present-day 
equipment it is possible to obtain 
quality that 
makes exact description easier. By the 
time the child has reached 8 years of 
age, the relative proportions of the 
bones of the thoracic cage, the heart, 
lungs other have 
reached a ratio which is relatively nor- 


exact de scription’. 


roentgenograms of a 


und structures 
mal in proportion to the chest as a 
whole. The aortic knob can frequently 
he identified. Areas of calcification and 
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fibrosis in the lung are not uncommon 
and calcification in the hilar nodes is 
also fairly frequent. 

Conclusions. The roentgenograms of 
the chests of infants and children pre- 
sent somewhat different findings from 
those of adults, and the range of nor- 
mal is wider in infants and children 
than in adults. The variants of normal 
in infants and children are associated 
with the growth and development of 


the child. 
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Research) 


aflect the ot 
ieoplastic disease in animals and man 


ATTEMPTS to course 


Dy the internal use of chemical agents 
ve met with limited, though measur- 


ible success. Chemotherapeutic agents 


activity include arsen- 
and 


t demonstrable 


als, benzol, urethane, nitrogen 


nustards. These 


may be regarded as 

lective by virtue of a selective injury 

to proliterating cells (see reviews 


Karnotsky?", 
lhe 


lamage 


ellhorn and Jones**). 
underlying selective 
related to actions 
gainst basic metabolic functions com- 
ion to all cells. Nevertheless, specific 
isceptibility of proliferating cells to 
ich derangements could result from 


mechanism 


may be 


their greater dependence on synthetic 


iechanisms to supply the needs of 
owth and cell division. Alternatively, 
© complex mechanisms unde rlying 
I! division may involve unique bio- 
exhibiting specific 
sceptibilities to the actions of chem- 


iemical processes 


il agents. Accordingly, non-dividing 
* National Cancer Institute Fellow; Neale 
Australia 


cells are less attected. Similar consider- 
the relatively rapid 
rate of growth characteristic of many 
malignant tissues have stimulated in- 
vestigations into the possible relation- 
ship between deficiencies of vitamins 
and the course of neoplastic diseases" 
The requirements of 


ations based on 


rapidly growing 
malignant tissues for accessory growth 
factors may be relatively great, thus 
rendering them susceptible to retarda- 
tion or even inhibition by vitamin de- 
ficiencies induced in the host. 
vitamins are known to be key com- 
ponents of co-enzyme- prosthe tic groups 


Since 


of enzymes!®17, reductions of amounts 
available to malignant tissues may 
have the same chemotherapeutic 


sult as the agents mentioned above. 
Evidence specifically relating vitamins 
and malignant growth was considered 
unimpressive as recently as 1944 in a 
detailed review of the subject by Burk 
and Winzler’®. Since that time, 
ever, new investigations have 


how- 
demon- 


Research Pathologist, of Adelaide, 


University 
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Strated. the potential chemotherapeutic 
value of aehciencies of certain vitamins 
ot the B-complex. Of specific interest 
to the present review are studies sug- 
gesting the dependence of the growth 
of a variety of tumors on the utilization 
ot tolic acid. These studies followed 
the elucidation of the structure of folic 
acid and the subsequent synthesis of 
a series of closely related structural 
analogs which act as specific antagon- 
ists of folic acid. This review deals with 
the current knowledge of the latter 
substances, not as regards proven use- 
fulness as chemotherapeutic drugs, but 
the demonstration — that 
inhibit 


concermnimg 
anti-metabolites can growth 


ot tumors. 


FoLtic Actp as A Viramin. In order 
to understand the function of folic acid 
in the development of neoplastic  tis- 
sues, it is essential to consider the 
manifestations of folic acid deficiency 
in normal tissues. It is, therefore, of 
value to review briefly the current 
status of folic acid in nutrition of var- 
ious organisms. Only some of the land- 
marks in the historv of the vitamin 
will be mentioned. For more detailed 
information the reader is referred to 
excellent reviews of 

The name “folic acid” was first ap- 
plied to concentrates of spinach con- 
taining an active principle required 
for the growth of certain microorgan- 
isms*’. The vitamin has been isolated 
in pure form from liver®-*8 and from 
veast®. Proof of its structure was ob- 
tained by the svnthesis of pterovl- 
glutamic acid (PGA con- 
jugates of the vitamin containing varv- 
ing numbers of glutamic acid residues 
have been isolated from natural 
sources, namely, pterovlitriglutamic 
acid®® (see reviews by various authors! 
and by Jukes and Stokstad*! for proof 
of structure) and peteroviheptaglu- 


tamic 


The requirements of many _ lactic 
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acid bacteria as well as other species 
for PGA have been well established 
see review by Jukes and Stokstad*! 
The growth of a ciliated protozoon 
has also been found dependent on 
PGA", Among insects larval develop- 
ment of the mosquito Aedes aegypti is 
possible in the absence of folic acid 
but pupation does not occur*’. The 
larval development and pupation ot 
the Hour moth, the flour beetle, and 
the meal worm, fail in the absence of 
adequate levels 6f PGA in the diets of 
these 

Studies on folic acid requirements of 
birds and mammals have revealed 
proliferating tissues to be selectively 
dependent for normal activity on the 
presence of adequate levels of the 
vitamin. Thus a cardinal feature of 
folic acid deficiency in warm-blooded 
organisms is a derangement and de- 
pletion ot mvelopoiesis and ervthro- 
poiesis. Inadequate levels of the vita- 
min in the diet of chicks lead to 
anemia, leukopenia, and thrombocyto- 
penia, as well as poor feathering 
and inadequate growth!! 4-6. Rats re- 
ceiving purified diets, supplemented 
by sulfonamide drugs to suppress vita- 
min-synthesis by intestinal flora, de 
velop anemia and granulocytopenia as 
the result of inhibition of myelopoiesis 
and erythropoiesis. Such lesions re 
spond promptly to the administration 
of PGA!*-62-75.°6 Tn monkeys the feed 
ing of diets low in PGA leads t 
granulocytopenia, megaloblastic ery 
thropoiesis with attending macrocytic 
anemia, and various disorders of the 
digestive tract with lesions of the ora! 
Thi 


satisfactory response of the deficiency 


mucosa and 


disease in monkeys to administratio1 
of PGA has its counterpart in variou 
human macrocytic anemias which a1 
amenable to therapy with the vitamir 
Successes achieved in alleviating sig 
and symptoms of sprue, macrocvt 


inemias of infancy and pregnancy, and 
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imegaloblastic anemias refractory to 
parenteral liver therapy, as well hemat- 
ological remissions produced in perni- 
cious anemia, have evidenced the 
nutritional] importance of folic acid as 
a factor for normal hematopoiesis in 
man (see reviews?:!4:41,68,90 ) | 
Conjugated forms of PGA, pteroyl- 
triglutamic acid. pteroylheptaglutamic 
cid, = pterovidiglutamic acid, ap- 
pear to be as effective as PGA in al- 
actos folic acid deficiency in birds 
and Presumably 
the activitv of the conjugates results 
from enzymatic hydrolysis of the poly- 
glutamyl portions with release of free 
PGA. Enzymes designated as “con- 
jugases' have been found in a variety 
of tissues capable of releasing PGA 
from the more complex conjugates”. 
The administration of pteroyldighu- 
tamic acid, pteroyltriglutamic acid 
and pteroylheptaglutamic acid in nor- 
mal humans is followed within a few 
hours by increased levels of free PGA 
blood and The concen- 
trations achieved approximate those 
following the administration of molar 
equivalent doses of unconjugated PGA. 


Fouic Acw ANraconists. After it 
had become evident that PGA is an 
essential metabolite for the mainte- 
iance of myeloid and ervthroid tissues, 
t was logical to assess its role in neo- 
especially those of 
iematopoietic origin. While some suc- 


lastic tissues, 


ess has been achieved in preventing 
the growth of at least one experimental 
umor by dietary restriction of folic 
cid (see below), investigations in this 
eld have been largely concerned 
ith the chemotherapeutic potentiali- 
es of potent antagonists of PGA. The 
issibilities inherent in the use of 
ialogs to antagonize the biological 
tions of vitamins were first estab- 
shed by Woods in the classic dem- 
istration of antagonism between sul- 
nilamide and para-aminobenzoic acid 


chad 


in microorganisms. A satisfactory gen- 
erlization of the actions of metabolite 
antagonists has been made by 
Wooley** a metabolite functions 
by first combining with a particular cell- 
ular unit which is usually regarded as 
an enzyme or possibly some other spe- 
cific protein. . . . Now, in order for 
the first step to occur, the metabolite 
must possess certain structural features 
and the firmness of combination with 
the protein is determined in part by 
these. A similarly constituted com- 
pound is able to undergo this combina- 
tion, but since its structure is not iden- 
tical with that of the metabolite, its 
firmness of union will be different. The 
conjugate of analog and_ protein is. 
however, a new and foreign compound 
and is unable to proceed through the 
rest of the cycle of reactions. Like the 
fabled dog in the manger the analog 
denies the organism the use of the 
metabolite and thus creates a defi- 
ciency of the latter.” 

The first analog of PGA found to 
antagonize the vitamin in mammals 
was a crude product synthesized to 
contain a methyl-substituted pteroyl- 
glutamic acid, referred to as “X-Me thy! 
folic acid’™***°. When the agent was 
added as a supplement to deficient 
diets in concentrations several thou- 
sandfold greater than that of PGA, 
characteristic signs of PGA-deficiency 
in mice, chicks, and rats were acceler- 
ated in appearance and enhanced in 
severity. The syndrome was _ readily 
prevented or successfully treated by 
administration of elevated levels of 
PGA. In later studies with mice®® and 
pigs'**, species relatively resistant to 
deficient diets, supplements of X- 
methyl folic acid caused hematological 
lesions which readily responded to 
treatment with the vitamin. In_ pigs 
the signs of the deficiency resembled 
sprue in the appearance of megalo- 
blastic anemia, leukopenia, and diar- 
rhea. 
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Many additional analogs of PGA 
have been prepared exhibiting antag- 
onisms toward the biological actions 
of tolic acid in one or more microor- 
ganisms, birds, or mammals. Of pres- 
ent interest is a related series of antag- 
onists which was introduced by the 
synthesis of 4-aminopteroylglutamic 
acid (4-amino-PGA‘!). The series is 
characterized by the replacement of 
the 4-hydroxyl of PGA with an amino 
group with varying modification of the 
remainder of the molecule. Observa- 
tions of the effects of 4-amino-PGA 
mice, rats, and chicks proved it toxic 
and even fatal within a few days after 
administration in diets in concentra- 
tions which were approximately equi- 
valent to the amounts of PGA pres- 
Simultaneous administration 
of PGA provided onlv limited protec- 
tion against the toxic actions of the 
congener. 

The potency of 4-amino-PGA, its 
rapid effects, and the fact that its 
actions are not readily prevented by 
PGA, has raised the question whe ther 
it is a true folic acid antagonist. How- 
ever, the sites of its primary actions 
are confined to the bone marrow and 
mucosa of the intestinal tract in guinea 
pigs’*, mice®*, rats, and 
Changes in hone marrow are con- 
cistent with the effects of folic acid 
deficiency. Mice exhibit depletion of 
nucleated erythroid elements®® and 
rats, guinea pigs, and dogs show a 
marked reduction of all hematopoietic 
elements. Moreover, in dogs, ervthro- 
noiesis becomes partly megaloblastic 
a finding which has been observed 
with regularitv in patients undergoing 
treatment with 4-amino-PGA and its 
. Damage to bone morrow 
and megaloblastic erythropoiesis and 
also. destruction of the intestinal 
epithelium are marked within 24 hours 
after the administration of lethal doses 
of 4-amino-PGA. Similar changes are 
observed following the of less 


congeners”*! 
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potent analogs of 4-ameno-PGA, name- 
ly 
acid and 4-amino pte roylaspartic 

On the basis of the evidence just 
summarized it has been concluded that 
the administration of 4-amino congen- 
ers of PGA in eflective doses induces 
signs of PGA-deficiency™. The extreme 
nature of the lesions noted and the 
rapidity of their onset warrant the use 
of the term, 
descriptions of the syndrome repro- 
duced by these agents. The agents 
may quickly deprive dependent cells 
of the vitamin resulting in metabolic 
derangement and, in turn, necrosis. 

EFFECT OF PGA AND CONJUGATES 
ON EXPERIMENTAL Tumors. Leuchten- 
berger et al. reported in 1945 complete 
regression of 38 of 89 spontaneous 


“absolute deficie cy, in 


breast cancers in 3 different strains of 
mice treated with daily injections of 
5 micrograms of an L. casei factor?” 
The percentage of spontaneous regres 
sion was only 1% as compared with 
13% of their injected animals. The same 
group of workers reported inhibition 
of growth of transplanted Sarcoma 180 
with folic acid concentrates and _ fer- 
mentation L. casei factor (pteroyl-tri- 
glutamic acid, teropterin. PTGA) in 
short term 

The =e results could not is confirmed 
by subsequent nei- 
ther did PTGA nor PGA. when in- 
jected into mice inoculated with leu- 
kemic cells inhibit the development 
of the leukemia or prolong the life of 
experimental animals™’. Moreover 
treatment with 100 mg. per kg. per dav 
of PGA failed to inhibit the growth of 
sarcoma T241 in mice®*. Doses of 
mg. per kg. per dav had no inhibitors 
effect on mammarv§ adenocarcinom: 
(E0771), Harding-Passey melanoma 
Wagner osteogenic sarcoma, and Pat 
terson lymphosarcoma in mice, nor 01 
sarcoma 89 and Flexner-Tobling cai 
cinoma in rats®°*. Furthermore, 
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growth inhibiting effect of PTGA was 
noted on Sarcoma 180 or the spindle 
cell tumor Ma387 growing on the 
chorioallantoic membrane of the chick 
embryo“ 


Errecr OF PGA aNnp CONJUGATES ON 
HtuMAN Tumors. Farber and cowork- 
‘studied the effect of pteroyl- 
diglutamic acid (diopterin) and PTGA 
on 90 cases of advanced carcinoma and 
sarcoma in man. The tumors included 
gliomata of brain, sarcoma of bone, 
acute leukemia, lymphosarcoma, Hodg- 
kin’s disease, seminoma, and carcinoma 
of tongue, pharynx, esophagus, stom- 
ach, colon, rectum, kidney, bladder, 
prostate, cervix uteri, ovary, and gall 
bladder. No curative effect was noted 
atter an average period of treatment of 
5 weeks with average daily doses of 
20 mg. of either drug. Only a few 
temporary regressions in size of sub- 
cutaneous nodules or of large meta- 
stases were seen. Many patients im- 
proved in morale and felt better from 
being given a new drug and much 
attention. In some cases, however, 
there was also a diminution in pain 
and in requirement for sedation or 


ers 


analgesis. 

\ later report®® described the effect 
of PTGA on 7 cases with chronic lym- 
phoid leukemia, 2 with chronic myeloid 
leukemia, 2 with multiple myeloma, and 
2 with acute lvmphoblastic leukemia. 
The patients were treated for periods of 
{ to 10 weeks with doses ranging up to 
200 mg. per day. In the cases of acute 
lymphoid leukemia PTGA appeared to 
convert the acute course into a chronic 
one. In the other cases there was no 
effect. Further studies*® of 20 cases of 
advanced widespread cancers treated 
with PTGA for periods of 1 to 3 
months with daily intramuscular in- 
iections of 50 mg. failed to reveal ob- 
jective evidence of tumor regression. 
Nevertheless, dramatic clinical im- 
provements were described. Labora- 


tory studies showed a decrease of ab- 
normally elevated alkaline or acid 
phosphatase but no changes in hema- 
tology. All patients exhibited a sense 
of well being and often the require- 
meat for opiates: was decreased. 

Another group™' treated 35 patients 
with advanced carcinoma. Twenty to 
50 mg. of PTGA were given intramus- 
culealy twice daily for periods of 2 
weeks to 12 months. In 34 cases no 
change in the natural course of the 
disease was noted. In one case, how- 
ever, a complete regression of meta- 
static nodules of a breast cancer in the 
lung followed 3 months of daily doses 
of 40 mg. A further case of regression 
in advanced metastatic breast car- 
cinoma was reported in a_ patient 
receiving PTGA but previously treated 
with oophorectomy and __ testoster- 

Since some of the findings reported 
above created widespread interest and 
expectation, the Council on Pharmacy 
and Chemistry of the American Medi- 
cal Association? deemed it necessary 
to explore the current status of PTGA 
and diopterin in the treatment of hu- 
man cancer. On the basis of results sub- 
mitted to the Council of 154 cases 
treated with PTGA and 121 cases 
treated with diopterin, it was con- 
cluded that the agents had no specific 
anti-carcinogenic effects. This conclu- 
sion is supported by experiences men- 
tioned above with experimental tumors 
in which the majority of investigators 
failed to find tumor-inhibiting action 
by either PGA or its conjugates. Indeed 
it would be paradoxical to find folic 
acid’ in free or conjugated form acting 
as a growth-inhibitor. 


Errecr or PGA DerIcrENCY AND 
ANTAGONISTS ON  EXPERIMENTALI. 
Tumors. As mentioned previously the 
role of folic acid for the maintenance 
of proliferating tissues stimulated stu- 
dies of the influence of deficiences on 
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the growth of neoplastic tissues. Work- 
ing with a single strain of New Hamp- 
sture red chickens susceptible to New- 
castle disease, Little and cowork- 
ers’? showed that the growth of Rous 
sarcoma could be controlled by regu- 
lating the amount of PGA in the diet 
of chicks. The authors reported the 
tailure of Rous sarcoma to “take” or 
develop in one day old chicks main- 
tained on PGA-deficient diets for 21 
days after inoculation with the tumor; 
controls died with tumors within 16 
davs atter inoculation. Small amounts 
of tolic acid added to the diet stimu- 
lated tumor growth. However, in 6- 
week old birds kept on the folic acid 
deficient diet Rous sarcoma “took” in 
60%. Subsequent therapeutic studies 
with 4-amino-PGA and related antag- 
onists were carried out on baby chicks, 
| and 2 days old, maintained on a 
diet permitting tumor growth’, In 
the chicks tumor development was in- 
hibited in a high percentage of cases. 
The compounds were found to be 
toxic and, while preventing the devel- 
opment of tumors, killed the chicks 
with signs of folic acid deficiency. In 
t- to 9:week old chicks with established 
Rous sarcoma a tumor-inhibiting effect 
of 4-amino-PGA and 4-amino-pteroyl 
aspartic acid (4-amino-PAA) was also 
seen. In eggs, however, 4-amino-PGA, 
in doses fatal to the embryo within 4 
to 7 days, failed to inhibit the growth 
of Rous sarcoma on the chorioallantoic 
membrane?*?2, 

The effect of 4-amino folic acids was 
studied on mouse tumors, Sarcoma 180 
and Ma387, growing on the chorioal- 
lantoic membrane of embryonated 
ges. The tumors were well establish- 
ed on the 12th day when the yolk sacs 
were injected with the compounds. 
Sarcoma 180 showed severe damage 


with cytoplasmic vacuolation and 
widespread necrosis. Sarcoma Ma387 
showed only minor damage. Both 
tumors, however, were still viable on 


PICs 


bioassay in susceptible mice. The doses 
necessary to produce lesions in the 
tumors were lethal to chick em- 

Extensive studies with 4-amino-PGA 
and related antagonists were carried 
out in mice (AKM) with different 
strains of leukemia***. The survival time 
of treated mice after inoculation with 
leukemic cells was compared with that 
of controls as a measure of tumor in- 
hibition. The 4-amino compounds were 
given first 48 hours after the leukemic 
cells were injected. Treatment was con- 
tinued 3 times weekly for 10 doses. It 
prolonged survival time in varying de- 
grees for different strains but pro- 
duced no cures. Furthermore, mice 
with an established leukemia injected 
with supralethal doses and_ sacrificed 
2 and 48 hours later gave positive 
bioassays for leukemic cells. 

Of great interest were findings of 
the effect of 4-amino-PGA and related 
compounds on a series of mouse and 
rat Susceptible mice 
were inoculated with Sarcoma 
and after 24 hours treatment was initi- 
ated with varying doses. During treat- 
ment with effective doses tumor 
growth was inhibited but was resumed 
as soon as therapy ceased. When the 
administration of antifolic compounds 
was delayed for more than 24 hours 
after tumor implantation, the inhibi- 
tory effect of treatment became pro- 
gressively weaker and was hardly no- 
ticeable after 7 days delay. The mater- 
ials were found to be rather toxic to 
mice and the range between tumor 
dose and lethal dose was narrow. 
Doses effective against tumor growth 
also depleted normal erythropoiesis in 
bone morrow®®. Of the agents tried. 
provided the 
most favorable range of therapeutic 
activity. 

Further studies with 6 other mous« 
and 2 rat tumors using a similar tech- 
nic, but giving the tumors in rats a 6 
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day start, were very illuminating??*°, 
(he investigators found marked inhibi- 
tion of the Patterson lymphosarcoma 
in mice and of the reticulum cell sar- 
coma, R39, in rats. Sarcoma R39 ap- 
peared to be so sensitive that on sev- 
eral occasions bioassays in rats were 
negative with tumor material from 
treated animals. These experiments 
provided a spectrum of reaction of 
experimental tumors according to their 
susceptibility to the antifolic com- 
pounds. The effective tumor doses in 
the rats were quite toxic; many died 
with depletion of the marrow and in- 
testinal lesions. The mammary adeno- 
carcinoma, E0771, and the Harding- 
Passey melanoma in mice showed only 

slight inhibition. The Wagner osteo- 
genic sarcoma in mice characterized 
by a high alkaline phosphatase as well 
as the Flexner-Jobling carcinoma in 
rats showed no inhibition whatsoever. 

\ccording to the above findings the 
{-amino-folic acids prevent the devel- 
opment of Rous sarcoma in New 
Hampshire Red baby chicks and in a 
few cases cure the rat sarcoma, R39. 
The effect on a few other susceptible 
tumors is only growth-inhibition but 
never curative and to obtain this action 
the compounds have to be given 
shortly after tumor implantation. The 
results clearly indicate that great 
varietv of susceptible and resistant 


tumors exists. 


Errecr or 4-AmiNo-PGA 
LATED ANTAGONISTS IN HUMAN CANCER. 
rhe early reports of the use of folic 
icid antagonists in the treatment of 
human leukemia created much interest. 
\fter it had been observed that 3 cases 
chronic myeloid leukemia rapidly 
relapsed under treatment with PGA 
ind improved on withdrawal of the 
itamin, a crude antagonist. “X-methyl 
olic acid,” was employed in one fur- 
her case**. A remission resulted after 


100 days of treatment. On withdrawal 
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of the antagonist the leukemia re- 
lapsed. A second remission had begun 
following renewed treatment with the 
antagonist when the patient died. 

About the same time investigations 
were in progress employing the first of 
the series of 4-amino-analogs, namely. 
f-amino-PGA aminopterin. Later 
members of the series include 4-amino- 
Njio-methyl-PGA or amethopterin and 
f-amino-PAA or amino-an-fol. Farber, 
Diamond, et al., were the first to report 
preliminary studies with aminopte rin 
in 16 children with acute leukemia?’ 
Various degrees of temporary improve- - 
ment occurred during therapy in 10 
cases. Details of laboratory studies and 
clinical findings were given of 5 cases. 
Six failed to respond and 4 of these 
were dead at the time of reporting. 
Spleen, liver and lymph nodes de- 
creased in size and a marked effect on 
the leukemic bone marrow with de- 
crease of immature cells in the peri- 
pheral blood was noted in responsive 
cases. Hemoglobin and platelets tended 
to return to normal. Studies on bone 
morrow showed changes varying from 
a decrease to a disappearance ot 
leukemic cells. A wide range of gen- 
eral hypoplasia of the marrow with 
erythrocyte precursors megalo- 
blasts was seen. Further toxic mani- 
festations of the drug such as stom- 
atitis with ulceration occurred, and 
crude liver as well as PGA and con- 
jugates were given to forestall them. 
Blood transfusions and antibiotics were 
also given as supporting therapy when- 
ever necessary. 

In a later paper Farber*' reported 
remission in cases of Hodgkin’s di- 
sease, lymphosarcoma, neuro- 
blastoma, exact details of which have 
not vet been published. Also reported 
were results of 60 children with acute 
leukemia treated with aminopterin, 
amethopterin, or amino-an-fol. Clini- 
cal and hematological improvement 
were claimed in about 50% of these 
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cases, which have not yet been de- 
scribed in detail. The effective daily 
doses used were 0.5 to 1.0 mg. for 
aminopterin, 3 to 5 mg. for amethop- 
terin, and 25 to 50 mg. for amino-an- 
fol. In this group stomatitis, ulceration 
of mouth and tongue, pharyngitis, 
atrophic changes in the intestinal epi- 
thelium, diarrhea and intestinal hemor- 
rhage, and depletion of the marrow 
leading to aplasia were noted. Efforts 
to counteract these effects with liver 
extract, vitamin B-complex and_ folic 
acid, were only partially successful. 
Suspension of administration of an- 
tagonists for 4 to 7 days appeared to 
be more effective. 

Farber introduced an arbitrary mini- 
mum of 3 weeks of life of an acute 
leukemia while under treatment with 
antifolic compounds as basis for ad- 
mission of the case to his statistics. 
During this period the patients most 
severely ill will have died or the anti- 
folic therapy given will have had an op- 
portunity to affect the disease. This 
arbitrary selection might explain’ in 
part the high proportion of remissions 
claimed for antifolic therapy. The re- 
missions reported were temporary in 
all instances though 2 children were 
alive after about 2 years. 

Subsequent investigators, using ap- 
proximately the same doses of 4- 
amino-PGA and its analogs in the 
treatment of leukemia and cancer, en- 
countered often the toxic symptoms 
described by Farber. Attempts to pre- 
vent or treat these lesions with liver 
extract or folic acid failed and _treat- 
ment had to be interrupted or aban- 
doned for this reason. Furthermore 
pattern of treatment 
with the 4-amino-folic acids has vet 
emerged. Treatment is adjusted to the 


no definite 


individual tolerance, and requirement 
varies from case to case. Some investi- 
gators have treated until tumor remis- 
sions occurred and then continued with 
a maintenance therapy. Others have 
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given several 


separate courses’ ol 


treatment with intervals when severe 
marrow changes or tumor remissions 
occurred. 

\dditional studies by other workers 
using similar doses of the 4-amino-folic 
acid antagonists in the treatment of 
acute leukemia of childhood revealed 
further information. Guest*! the 
best results with 7 remissions in 10 con- 
secutive cases. Other authors reported 
lower incidences of remissions. Meyer’ 
saw 4 remissions in 18 cases. Bur- 
chenal®, 3 in 19 cases, Pierce’, 5 in 9 
cases, Stickney”, a few in 18 cases, and 
Kracke*®, slight improvements in 14 of 
29 cases. But Neligh et al.®' saw no 
effect on the clinical course. 

In adults with acute leukemia 
Meyer’ saw 3 temporary remissions in 
20 cases, Dameshek'®, 9 in 31 cases 
Burchenal et al.°, 2 in 12 cases, and 
other workers®®. only occasional im- 
provement. 

According to the figures at hand 
a total of about 250 cases of acute leu- 
kemia in man have been treated with 
the 4-amino-folic acids with tempo- 
rary remissions in about 30%. The re- 
missions typically lasted from several 
weeks to a few months. In some in- 
stances several remissions were ob- 
served in the same case; but no cure 
was claimed by any investigator. 

In chronic lymphoid leukemia a de- 
crease in immature lymphoblasts and 
an occasional slight decrease in the 
size of enlarged Ivmph nodes but no 
real remissions were noted?-9-57-61, Tn 
chronic mveloid leukemia a decrease 
in total leukocyte count and decreas« 
of the primitive elements with an in 
crease of the more mature forms and 
a transitory slight decrease of en 
larged spleens were noted. However 
no remissions occurred comparable t 
the ones seen in cases of acute leu 
kemia. The erythropoiesis showed it 
both forms of chronic leukemia marked 
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depletion and became partly megalo- 
blastic*:5*, 

Other workers *:** studied the effects 
of the 4-amino-folic acids in 40 human 
cancers. In adults they observed re- 
gression of metastasis of 2 cases of 
breast carcinoma and decrease of the 
size of a seminoma. In children® two 
cases of lymphosarcoma and | case of 
reticulum cell sarcoma showed tempo- 
rary remissions. But other cases of 
lymphosarcoma, Hodgkin’s disease, my- 
cosis fungoides, multiple myeloma, 
neuroblastoma, osteogenic sarcoma, 
Ewing's sarcoma, cancer of the lung, 
bladder, stomach, female breast, ovary, 
sarcoma of the jaw and melanocar- 
cinoma failed to respond. 

From the above it is evident that 
the 4-amino-folic-acid antagonists have 
a definite action on erythropoie sis, 
myelopoiesis, and lymphopoiesis — in 
man. The best therapeutic effects so 
far obtained in cancer of man are re- 
peated temporary remissions of acute 
leukemia in children and adults. 


S4 


Comment. The evaluation of the 
effect of the 4-amino-folic acids on the 
acute leukemias in man is difficult. 
Unlike the situation in animal experi- 
ments with controls and_ repeatable, 
well-defined conditions, the diagnosis 
as well as the course of the disease 
is variable. According to Diamond 
(quoted from Farber*!) in children 
with acute leukemia spontaneous re- 
missions occur in 10% of all cases. 
Spontaneous remissions in adults have 
also been described with an emphatic 
warning not to forget this fact?7**, 
Furthermore, the diagnosis of acute 
leukemia is based on the time of death 


and sometimes cases diagnosed as 
acute have become subacute or chronic. 
The increased care of patients with 
antibiotics, blood transfusions, and 
hemostatics and the intense study of 
the cases under treatment introduce 
factors not included in previous statis- 
tics. However this may be, it is the 
impression of some investigators that 
the compounds have a definite effect 
on the acute leukemic process as_re- 
flected in a remission rate never seen 
before. 

One must look forward to future re- 
search to explain why only a fraction 
of the acute leukemias respond to 
treatment and chronic cases respond 
so rarely; why in some cases relapses 
are seen under maintenance therapy 
with the 4-amino-folic acids; and why 
in other cases remissions occur follow- 
ing therapeutic attempts when liver 
and folic acid are given to palliate toxic 
manifestations. 

Experimental work in chickens meas- 
uring folic acid requirements of dif- 
ferent tissues is of great interest in 
this Tt has been 
shown in birds that general growth, 
growth of feathers, pigmentation, ery- 
thropoiesis, and myelopoiesis can be 
selectively inhibited by varying grades 
of folic acid de ‘privation. Such results 
indicate that growing tissues of the 
normal organism vary significantly in 
their needs for folic acid. This can be 
expected to hold for neoplastic tissues. 
These experiments might be an indi- 
cator for future work to measure the 
folic acid requirements of tumor cells 
and for tumor growth and thus to ex- 
plain varving response of neoplastic 
tissues to folic acid antagonists. 


ADDENDUM 


Since writing this review, additional information has been received by personal com- 
munication. Silverman found regression of leukemic skeletal lesions and the occurrence of 
heavy transverse bands of increased density at the ends of shafts of long bones in 7 children 
treated with aminopterin (to be presented before the Society for Pediatric Research, Atlantic 
City, June 1949). L. Meyer57 augmented his observations with 8 patients with acute leukemia 
treated with amino-an-fol without apparent effect. C. H. Smith treated with aminopterin 10 
children who had acute leukemia. He observed reductions of blast forms in the marrow in 
some instances and, in one child, a transitory increase in normoblasts but no true remission, 
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M. Wintrobe treated 10 patients with acute leukemia with aminopterin and noted a distinct 
one adult lasting for about 6 months. Two children at present under treatment 

ire doing reasonably well 
J. H. Dale’s statistics of the course of acute leukemia in children (J. Radiol., 1949, in press ) 
re OF spect il interest and mav serve to assess the effectiveness of chemothe rape utc procedures 
on the basis of time of survival. Of 72 cases of leukemia in children observed during the period 
from September 1932 to June 1948, 39 had a complete follow-up. Thirty-six of the cases 
exhibited clinical manifestations of “acute” leukemia and showed a predominance of blast 


torms. Twenty-seven (75% of the 38 cases died within 6 months of onset of the diseass 

8 cases (22 died between 6 months and one vear, and onc case died after 14 months. 

rhese results illustrate the variable course of “acute” leukemia. An even higher percentage 
oht have been expected to survive tor longer than 6 months had antibiotics been available 

luring the whole period of the recorded observations. It is against the background of the 

natural course of the disease and of effects of supportive therapy in the form of blood 
insfusions and antibiotics that therape utic claims have to be evaluated 
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Blood Temperature in the Heart and 
Blood Vessels of the Dog. SteEvEN M. 
Horvatu, M.S., Ph.D., E. L. Fotrz, 
M.D., A. Rusrn, M.D., and B. K. Hurt, 
P. T. Teas of Physical Medicine, 
Graduate School of Medicine, and the 
Dept. of Pharmacology, School of Med- 
Temperatures 
of the blood, tissues, skin and rectum 
in anesthetized dogs have been deter- 
mined. Cournand type catheters with 
thermocouples at the tip were placed 
roentgenoscopically in the coronary 
sinus and the right ventricle or pul- 
monary artery. These catheters were 
also used to measure temperature in 
other areas of the body. Smaller cathe- 
ters were similarly inserted into the 
femoral artery and vein. The emf de- 
veloped by the thermocouple was 
measured with a type K-2 Leeds and 
Northrup potentiometer. 

The vascular temperatures obtained 
indicate clearly that the concept of a 
uniform body temperature is erroneous. 
The temperature varies widely and is 
dependent on activity of the organs and 
the environmental te mperature. Since 
morphine-nembutal anesthesia has a 
tendency to lower body temperature, it 
was possible to study the temperature 
gradients at different rectal te mpera- 
tures. The following table presents 
some of the mean temperatures and 
gradients obtained in 19 experiments 
on 11 animals. 

The work of the heart was altered 
with intravenous injections of epine- 
phrine, aminophylline and methedrine 
and with inhalations of amyl nitrite. 
The temperature of the blood in the 
right heart and coronary sinus during 
DSH ) 


icine, Univ. of Penna. ) 


the action of drugs was determined. 
These data were discussed in relation 
to the effect of these drugs on cardiac 
work and cardiac efficiency. 


Location of Catheter of 
Rt. Ventricle 98.7 
Pulmonary Artery 98.7 
Coronary Sinus 98.9 
Femoral Artery 98.3 
Femoral Vein 96.6 
Muscle, Thigh 97.6 
Subcutaneous, Thigh 96.5 
Skin, Thigh 92.1 
Rectum 99.1 


The Effect of Intravenous Amino- 
phylline upon Cardiac Oxygen Supply 
and Demand. E. L. Fortz, M.D., A. 
Rusin, M.D., and W. A. Streicer, M.D. 
(Dept. of Pharmacology, Univ. of 
Penna., and Division of Cardiology, 
Philadelphia General Hosp.). Changes 
in the coronary arteriovenous oxygen 
difference were studied in 14 normal, 
intact dogs under morphine-nembutal 
anesthesia. Arterial blood was obtained 
by femoral artery puncture while 
coronary venous blood was sampled 
from the coronary sinus through a 
catheter which was introduced under 
fluoroscopic guidance (Am. J. Physiol. 
152, 341, 1948). Simultaneous arterial 
and coronary venous samples were 
collected before and after the intra 
venous injection of either saline or 
aminophylline solution. 

Coronary venous oxygen saturation 
fell during a period from 4 to 8 minutes 
after injection of aminophylline; th: 
mean values for saturation decreased 
from 30.2% to 17.7%, and the unsatura 
tion (Cor. A-V difference) rose fron 
62.1% to 74.1%. Compared with dat: 
of saline control experiments, the dif 
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ferences are significant. No measurable 
change was noted in mean arterial 
blood pressure; mean pulse rate in- 
creased from 145 to 165 beats per min- 
ute. Electrocardiographic record re- 
vealed no significant change in pattern 
as a result of catheterization, exper- 
imental procedures, or drug injections. 

Previous studies have demonstrated 
that aminophylline dilates the coronary 
vessels but also stimulates the heart to 
contract more vigorously with resulting 
increases in cardiac output and cardiac 
work; the observed changes in coronary 
venous oxygen saturation indicate that 
the stimulating effect of aminophylline 
increases cardiac oxygen consumption 
more than the coronary vasodilating 
action augments coronary flow and the 
delivery of oxygen. The result is the 
production or intensification of myo- 
cardial anoxia. 


Inhibition of the Knee Jerk from 
Tendon Spindles of Crureus. G. P. 
McCoucn, M.D., I. D. Drrrtinc, M.S., 
W. B. Srewarr, M.D., and W. W. 
CHAMBERS, Ph.D (Depts. of Physiol- 
ogy and Anatomy, Univ. of Penna.). 
In decerebrate cats the tension of quad- 
riceps and the action potential of rec- 
tus and crureus were isometrically re- 
corded. The knee jerk was elicited by 
a mechanical tapper, which stretched 
the muscle by raising the lever shank. 
Conditioning volleys, not significantly 
above threshold for contraction, were 
delivered through bare needles of 
which one passed through the patellar 
ligament, the other transversely 
through vastocrureus a few millimeters 
roximal to the tendon of crureus. 

Inhibition curves may be preceded 
by facilitation at intervals between con- 
litioning and test stimuli up to 2 m. 
sec. This is followed by a descending 
imb, which reaches maximal depth 
vithin 8 or 9 m. sec. Total duration of 
nhibition is variable, being greater with 
nore proximal positions of the muscle 


electrode, which involve more recep- 
tors, than with distal positions which 
engage fewer end organs. It ranges 
from 20 to 100 m. sec. With 4 elec- 
trodes, one in the patellar ligament and 
3 in crureus approximately 10, 21, and 
29 mm. from the distal end of the mus- 
cle, curves were run conditioning from 
each adjacent pair. Inhibition was deep 
from the distal, slight from the middle, 
and virtually absent from the proximal 
pair. 

Two factors may be postulated to 
account for the shape of the curve. The 
first is facilitation from the inevitable 
involvement of muscle spindles. The 
second results from the multisynaptic 
character of the inhibitory arc and its 
consequent afterdischarge. 


Intermediary Metabolism of Phenyla- 
lanine Labeled with C'*. BERNARD 
SCHEPARTZ, Ph.D.,° and SAMUEL GuRIN, 
Ph.D. (Dept. Physiol. Chem., Univ. of 
Penna. ). Administration of DL- pheny!- 
alanine (labeled in the carboxyl and 
alpha positions) to phlorhizinized rats 
results in the appearance of C’* in the 
urinary ketone bodies as well as in the 
respiratory CO,. Upon incubation of 
this type of phenylalanine with liver 
slices, acetoacetate labeled solely in the 
carboxyl group is obtained. 

When _ring-labeled phenylalanine 
(carbons 1, 3, 5) is administered to 
phlorhizinized rats, C'* appears in the 
respiratory CO, as well as in the ace- 
tone moiety of the urinary acetoacetate. 
Incubation of ring- -labeled phenylala- 
nine with liver slices produces aceto- 
acetate labeled chiefly in the terminal 
methyl group. 

The aromatic ring of phenylalanine 
readily undergoes cleavage in the 
course of metabolism, the immediate 
precursor of acetoacetate being a four- 
carbon unit derived from the ring and 
side-chain. Apparently no two-carbon 
units are involved in this pathway. 

It is apparent that the alpha carbon 
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of phenylalanine becomes the carboxy] 
carbon of acetoacetate, while either 
carbon atom | or 3 of the ring forms 


the terminal carbon of acetoacetate. 


This furnishes direct proof that the 
side-chain of phenylalanine shifts to an 


adjacent ring carbon prior to the for 
mation of ketone bodies. 


* Predoctoral Fellow of the National Insti 
tute of Health, 1947 and 1948. Present address 


Dept. of Biochemistry, Jefferson Medica 
College. 
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BOOK REVIEWS AND NOTICES 


DISEASES OF THE FuNbus OcuLt wirn ATLAS. 
By ADALBERT M.D., e.o. Prot. of 
Ophthalmology, Univ. of Vienna. Translated 


FucHs, 


by Eric Presssurcer, M.D., Edited by 
(ABRAHAM SCHLOSSMAN, M.D. Pp. 337; 322 
ills., 241 in color. Phila.: Blakiston, 1949. 


$30.00. 

luis beautifully illustrated text on diseases 
t the first English 
edition of the author’s well known book in 
German. It is greatly to the credit of the 
American publishers that they have under- 
taken this edition, which is limited to slightly 
less than 1000 copies. The text has exceptional 


Price 


ocular fundus is the 


ilue because of the author's long experience 
n the histopathology of the eye. As a result, 
e is able to correlate the ophthalmoscopically 
isible changes with the histological picture; 
feature of the book is the publi- 
ition of plates illustrating the histopathology 
long with the fundus picture. 


Ue 


excellent and, unlike 

many translations, particularly those from 
the German, is in good English style with 
hort, readable sentences. Some of this credit 


The translation is 


ust also go to the editor. 

The book is divided into the usual sections 
n the appearance of the normal fundus, 
mgenital anomalies and then diseases of the 
irious anatomical parts of the eye, such as 
e optic nerve, retina and choroid. Special 
1apters on certain diseases of the eve, such 
glaucoma, tuberculosis, syphilis, tumors and 
letachment of the retina follow. 

While the plates are still not as good as 
ose of the early German English 
lases, they are the best that have appeared 

recent years in any language, particularly 

English. In spite of its cost, this book 
uuld be bought by all who have a serious 
terest in the ophthalmoscopic changes in 


and 


il and general diseases. 


F. A. 


CLINICAI ASPECTS AND ‘TREATMENT OF 
SURGICAL INFECTIONS. By FRANK LAMONT 
\iELENEY, M.D., F.A.C.S., Assoc. Prof. 


f Clinical Surgery, College of Physicians 

ind Surgeons, Columbia Univ. Two vols. 

‘p. 840; 287 ills. Phila.: W. B. Saunders, 

949. Price, $12.00. 

[HIs is a companion volume to “Treatise on 
Surgical Infections” (Oxford University Press, 


1948), by the same author. These two 
volumes present a timely and comprehensive 
review of the and practical 


aspects of the recognition and 


fundamental 
prevention, 
treatment of surgical infections. 

The first chapter of “Clinical Aspects” 
stresses the practical Importance of corre- 
lating with a know- 
ledge of immunology and the physiology of 
inflammation and tissue repair. Excellent re- 
views of past and current literature dealing 
with each type of infection are included. The 
subjects are liberally supplemented with illus- 
trative from the author's ex- 
tensive experience. As the case histories rep- 
resent not only patients treated with anti- 
biotics but patients treated when only sulf- 
onamides were available, and some patients 
treated betore were available, 
the histories well the modern 
trend in chemotherapy. 


bacteriological studies 


case histories 


sulfonamides 
demonstrate 


ANALGESIA AND ANESTHESIA. By 
FRANKLIN Snyper, M.D. Assoc. Prof. of 
Obstet. and Anat., Harvard Med. School. 
Pp. 401; 114 figs. Phila.; W. B. Saunders, 
1949. Price, $6.50. 

Tue title of this volume is misleading. It 
should not be regarded as a text on obstetric 
anesthesia because of the scant coverage 
afforded such topics as the use of spinal 
anesthesia in obstetrics. The book, however, 
represents a significant contribution to the 
tied of neonatal physiology. The author has 
done considerable fundamental work on “Re- 
spiratory Injuries to the Child” which he 
presents in the first section (188 pages). This 
alone makes the monograph of value. It is 
unfortunate that the summaries of each 
chapter are so detailed and lengthy, and this 
detracts from reader interest. 


OBSTETRIC 


R. D. 


THe Story or Scasies. By Reupen Friep- 
MAN, M.D., Assoc. Prof. of Dermatology, 
Temple Univ. School of Medicine. Vol. 1. 
Pp. 468; 114 ills. New York: Froben Press, 
1948. Price, $7.50. 

Tus is the first volume of a_ projected 
series of 4 dealing with all aspects of “The 
Storv of Scabies,” When completed, these 

(589 ) 


books will culminate Dr. Friedman’s _ pro- 
tracted eftorts to collect all that is known and 
some things that are unknown about. this 
interesting and widely prevalent parasitosis. 
The first volume unites in revised form 

2 of the author's previously published works 
Scabies—Civil and Military” (1941) and 
Biology of Acarus Scabei” (1942) ). It deals 
with scabies from the earliest times to the 
beginning of America’s participation as an 
belligerent in World War IT. Volume 

2 will contain the advances made from the 
beginning of World War II until the end of 
1947. Volume 3 will be devoted to the history 
ind Volume 4 will contain chiefly 
translations of certain classical contributions 


active 


of se ibic 


to our knowledge of scabies. 

Written by one of the world’s foremost 
vuthorities on scabies, this volume 
the reviewers most critical expectations 
Nothing of importance has been omitted. It 
is beautifully illustrated and well written. 
It has appeal both for the medical historian 
ind the clinician 


meets 


H. 5 


H A4ANDBOOK 
RicHARD | 


9 DISEASES OF THE SKIN. By 
Sutton, M.D., and RicHarp 


L. Surron, Jr., M.D., Univ. of Kansas 
Medical School Pp. 749: 1057 ills. St. 
Louis: C. \ Mosby, 1949. Price, $12.50. 


Suttons have achieved brevity and 
practicality in their production of a new text 
tor medical students, practitioners and special 
ists in dermatology. Although this Handbook 
is a small volume, it contains more useful, 
well presented, well documented and well 
illustrated material than many texts twice its 
size. It is, however, not a mere catalog of the 
views of various contributors to the subject 
but contains many original personal views, 
especially the technic in contact dermatitis 
of relieving the patient by elimination of all 
possible causes, then identifving the actual 
cause by systematic increment of the pa- 
tient’s chemical environment. Acne vulgaris 
ind urticaria are also treated bv the authors’ 
special technics: The 1057 illustrations are 
well chosen: especially notable are those deal- 
ing with the normal adult and fetal skin. 
The text itself is well written and with ade- 
quate detail Some superbly 
handled. It is presented in a logical order 
ind with good correlation of the cutaneous 
manifestations with general medicine and 
There are surprisingly few  typo- 
graphical errors in this book. 

The difficult matter of references to the 
literature is handled in novel fashion by 
placing references parenthetically as near the 


sections are 


bi 
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material cited as possible. This is somewhat 
disturbing to the average reader, but is mor 
so to the experienced worker, because as 
space-saving device the authors have stil 
turther abbreviated the already abbreviate: 
names of the medical journals referred t 
The reviewer hopes that, if possible, som: 
less distracting method will be considered for 
future editions. 

The Suttons have produced another credit 
able aid to the understanding of dermatology 
It deserves wide acceptance 


H. B 


Bioop ‘TRANSFUSION. By Eimer L. DEGowIn 
M.D., Assoc. Prof. of Internal Medicine 
RorerT C. 


Harpin, M.D., Prof. of 


Internal Medicine, State Univ. of lowa, and 


Joun B. Atsever, M.D., Senior Surgeor 

U. S. Pub. Health Service. Pp. 587; 206 

ills. Philadelphia: W. B. Saunders, 1949 

Price, $9.00. 

ALTHOUGH good books dealing with the 
problems of blood transfusion are available 


a new one of this calibre is welcome. Its 


authors have had extensive experience in th 
field of transfusion therapy and have made 
individually and as a group, original contri 
considerable importance. 
book is clearly and simply written. All im 
portant problems which confront the personne 
of a transfusion service are discussed. The 


butions — of 


chapter on laboratory procedures is of un 
usual value because of its simplicity, detail 
and ingenious illustrations. This book is highh 
recommended to all who are interested 
the transfusion of blood and blood derivative 
trom technicians to experts. 


SURGERY OF THE Eye. By MEYER WIENE! 
M.D., Emeritus Prof. of Clinical Ophthal 
mology, Washington Univ. School 
Medicine, 2d ed. Pp. 426; 425 ills. Ne 
York: Grune & Stratton, 1949. Price, $12.0 
Tuts 2d edition has been badly neede 

It possesses the advantages of being reas 

ably short and the material is presented ir 

lucid and concise manner. illustrati¢ 
are up to the standard set in the Ist editi 


Those procedures that have been useful 
the author are described with the variati: 
in technique which he employs. Some of 
newer operations, such as the Burch imp! 
and evisceration and goniotomy are includ 
Procedures still regarded as experimental 
nature, such as the various types of expo 
implant following enucleation, are omitt 
The author describes his punch technique 
keratoplasty which this reviewer belie 


Their 
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night be dangerous, due to the danger of 
ris prolapse 


H..5. 


ATLAS OF PERIPHERAL NERVE INyuRtES. By 
Winttiant R. Lyons, Ph.D., Assoc. Prof. 
of Anatomy, Univ. of California Medical 
School, and Barnes M.D.., 
Prot. of Neurosurgery, Duke Medical 
School Pp 339: 135. ills., 15 in color. 
Phila.: W. B. Saunders, 1949. Price, $16.00. 


Upon 155 large size plates, 15 of them in 
olor, this book furnishes complete documen- 
tary evidence of the pathological changes in 
proximal and distal stumps of severed nerves, 
* nerve lesions in continuity as found in 
resected parts of the injured nerve, of the 
onsequence of various types of sutures 
which proved unsatisfactory and had to be 
removed, and of several kinds of grafts. Each 
hapter is preceded by a clear summary of 
the findings, beginning with the structure 
4 the normal nerve. The microphotographs 
ind the accompanying legends are excellent 
ind show distinctly the various sheaths of the 
erve and their cells in normal and patho- 
logical conditions. Instructive photographs of 
kin sears, Roentgen-ray pictures of  frac- 
tures and bone deformities, examples of the 
‘ross appearance of nerves and their opera- 
tive repair and of the pathological specimen 
nd the miscroscopic changes under low and 
igh power, together with the comprehensive 
linical and pathological description, give a 
ivid picture of the processes at different 
time intervals following nerve injuries. 

The book is indispensable for the neuro- 
urgeon and the neuropathologist, for the 
eneral pathologist who is concerned with 
lerve injuries in industry or war, and for 

ost neurologists. It will remain a standard 

ok for vears to come. 


NEW BOOKS 


tlas of Neuropathology. By 
BLAckwoop, Ass’t Pathologist, Nat. Hosp., 
Queen's Square, London, T. C. Donps, 
Lecturer, Society of Radiographers, Scot- 
tish Branch, and ]. C. SommeErviLie, Univ. 
of Edinburgh. Pp. 199; 262 ills. Balt.: 
Williams & Wilkins, 1949. Price, $9.00. 


This small atlas should prove of considerable 
lue to’ those whose work brings them into occas- 
nal contact with neuropathology. It is brief and 
ects only the highlights of each lesion presented, 
d for that reason might be of less value to the 
l-time neuropathologist. The range of subiects 
vered is broad, but the salient features of each 
ject are clearly brought out; no space is wasted 
ramifications which are not strictly within the 


AND NOTICES 


field of neuropathology. The illustrations are well 
chosen and_ technically excellent. The reviewer 
recommends the book highly A. R. 


Clinical Orthoptics. By Evenrist 
Kramer. Edited by Ernest A. W. SHEp- 
parp, M.D., Prof. of Ophthalmology, 
George Washington Univ. School of Medi 
cine, and Loutsa WeLLs-Kramer. Pp. 475; 
147 ills. St. Louis: C. V. Mosby, 1949. 


Price, $8.00. 

This is one of the first texts on orthoptics to 
come from this country, the previous standard 
texts having all been written in England. The work 
covers the various phases of knowledge which an 
wthoptic technician should acquire before present- 
ing herself to the American Board of Orthoptics 
for examination. The anatomy and physiology of the 
eye are given adequate consideration. The main 
portion of the book deals with the treatment of the 
various forms of strabismus by means of orthoptics. 

The book is highly recommended for all those 
who are interested in the subject of strabismus. 


A. 


Child Health. Edited by ALAN MONCRIEFF, 
Nuffield Professor of Child Health, Uni- 
versity of London, and Winuiam A. R. 
THomson, Pp. 254. London: Eyre and 
Spottiswoode, 1947. Price, 14s. 

ruts “Practitioner Handbook” is an expository 
presentation, with chapters contributed by many 
authorities, describing for general practitioners the 
new English system of the numerous organized 
child health services. There are chapters on Child 
Welfare Centers, School Health Services, Day 
Nurseries, Schools for Crippled Children, and so 
forth. There are also several chapters on nutrition, 
feeding, and prevention of certain diseases. The Am- 
erican pediatrician will find much_ information 
of usefulness in these pages, despite the fact that 
the text is slanted to the problems of another 
country. I. W 


Facts About Nursing, 1948. By AMERICAN 
Nurses’ Association. Pp. 106. New York: 
A. N. A., 1790 Broadway, 1949. Price, 35c. 

“Tne first authoritative survey since the war 
among U. S. nurses.” 

Diabetic Menus, Meals and Recipes. By 
Berry M. West. Introduction by Russe 
F. Rypins, M.D. Pp. 254. New York: 
Doubleday, 1949. Price, $2.95. 


The Psychoanalytic Reader. Edited by Rop- 
ERT Friess, M. D. Vol. 1. Pp. 392. New 
York: International Universities Press, 
1949. Price, $7.50. 

“THE contributions united here have been 
gathered by scanning the complete literature of 
the field, from the oldest Viennese Jahrbach ft 
Psychoanalyse, founded in 1909, to the British and 
American psychoanalytic periodicals of today . 
What appears most profitable of this literature will 
be published in the Reader’s several volumes, of 
which the present one is the first...” 

Social Medicine, Its Derivations and Ob- 
jectives. Edited by Iaco Gaupston, M. D. 
The New York Academy of Medicine 
Institute on Social Medicine. Pp. 294. New 


York: Commonwealth Fund. 1949. Price 
$2.75 

IN this study) f the origins and aims of Social 
Med e, the contributions of the 26 well known 
participants are arranged in 7 groups. The first 2 
f a more general nature, are on the relation of 

licine to society and the relation social 
edicine to clinical and preventive medicine Phe 


ther 3 treat special aspects such as the place in 


ia edicine of epidemiology, nutrition. pss 
statement of 
important subject that 


has not hitherto received sufficient attention bv the 


itry. This is a worthy and valuabk 
urrent thought on a highly 


nedical profession in this country E. K 


Medical Clinics of 
Numbet 


North America. (¢ hic ae 
Diseases of the Skin Pp 292; 135 


ills. Phila.: W. B. Saunders January, 1949 
Price. $15.00 a vear 
HE wide coverage of this well organized and 


ymposed 
sul 


symposium is indicated by a list of the 


| which include 


jects discussed neurodermatitis 


lermatomyositis, sarcoidosis. leroderma, dissemi 


ited lupus erythematosus, changes in the nail from 
the use of base coats.”” tumors of the skin, exfoli 
itive dermatitis herpes, pemphigus cutaneou 
erg eruptions due to food, cutaneous tuber 
ot the Negro dermatological therapy and 
lermatopathology H. B 


Cancer of the Esophagus and Gastric Cardia 
Edited by Georce T. Pack. M.D. ( linical 
Prof. of Surgerv, New York Medical Col 
lege Pp. 192; 65 ills. St. Louis: C. \ 


Mosby, 1949. Price, $5.00 

Ine 11 papers of this specially bound volume 
i t June 1948 issue of ‘Surgery ie writter 
¥ men outstanding in the recent developments in 
this field. The book affords an excellent summary 
tf American surgical practice in relation t this 


J. J 


Collateral ¢ irculation 


By Danie. P. 


Anatomical Aspects 
QuIRING, PH.D Assoc 
Prot. of Biology, Western Reserve | ny Pp 


142: 61 ills.. 46 in color. Phila Lea & 
Febiger, 1949. Price. $5.00 
lt npact presentation, hy description and 
ran * the maior cross connections and side 
hannels of arteries and veins has obvious values 


f the internist and surgeon as well is the anato 
ist and physiologist. Five of the 8 chapters deal 
lateral circulation of a given body regior 


vith the ¢ 


nvolving such important problems as results of 


usio f 


thers ind 


cerebral, acoustic. coron wy arteries 
with the benefits that mav he 
brought by collateral circulations. V; nous collateral 
with a different set of problems is con 

ered in each section, the book closing 
suggestive illustration of Beck’s 


iscularization of the dog’s heart 


with 


experimental 


his correlation by an anatomist of 
ure vith 


gross struc 


clinical problems should find welcome 


shelves E.K 


many 


NEW EDITIONS 


Surgical Technique and Principles of Oper 
ative Surgery. By A. V. Partripito. M.D 


F.A.C.S., Assoc. Clinical Prof. of Surgery 


BOOK REVIEWS 


AND NOTICES 
Lovola Univ. 4th ed Pp. 676; 997 ills 
Phila.: Lea & Febiger, 1949. Price. $15.00 
Tuis 4th edition the Ist to be published by 
Lea & Febiger } hook is well illustrated and 
well printed \ consistent editorial plan has not 
been followed in regard to references und ques 
tionnaires: certain hapters have good bibliogra 
phies followin tl yrmne have none; certan 
chapters are followe rather elementary ques 
tionnaires, some at t. The reason for this lack 
of unitor poli not clear 
While the Reviewer does not with 1 
umber of procedur ulvocated by the author 
and thinks that if physiologic considerations are \ 
discussed at all they should be given greate C 
ittention, he would recommend this book to the I 
oung surgeon f review yperative pre 
clure I. R 
The Ve ntally Ill in \merica By ALBERT 


Deutscn. 2d ed Pp. 555; 8 ills. New York R 
Columbia Univ. Press. 1949 Price, $5.50 
The 2d edition of this worth while book in 
luce additions an revisions, such as a new EF 
hapter entitled “Psychiatry in World War IT” un 
t completely revised hapte on modern trends 
nstitutional care and treatment. The book is directex 


toward the general reader as well as the physiciar 


P PE 
Child Psychiatry. By Leo M.D 
Assoc Prof. of Psvchiatrv and Pediatrics 
Johns Hopkins Univ. 2d. ed Pp. 752 so 
( ( 
Spring fic Id Ill.: Charles Phomas, 1949 TH 
Price $8.50 
This new edition of a iprehens ind valuabl 
text published 13 vear ifter the appearance of the 
Ist editior vill ve ned pediatrician 
psvchiatrist ind ther Extensive revisions at 
idditions have been le that gi greater clarit 
il depth to the work W P 
TH 
Human Embryolos nd Morphology. By Su 
ArnTHUR Kerri. 6th ed Pp. 690; 578 ills 
Balt Williams & Wilkins, 1948. Price 
$10.00 THI 
This new editior sent lerous impro 
rents. Chapters on the levelopment of the ur 
genital system and | olution have been addec 
There ur numeror new illustration Ree CER 
factual material ind ferences ure included 
chapter on experimenta mbrvolog eems inad 
quate considering profitable is heen tl PRO 
field of investigation ccasional use of straine 
wnalogies often confi the under tanding of tl 
facts presented This edition is an excellent referer 
text for morphok ical changes occurring durir REC 
mbrvogene 
Manual of Clinical Laboratory Methods. B N° 
E. Pu.D.. M. D.. Asso 


Prof. of Pathology 
Medical School. 4th ed Pp. 387: 86 fig PRO 
8 color plates Springfheld. II] Charl 

C Thomas, 1949. Price. $8.50. 


Northwestern 


Side of Medical Practice. ] 
THEODORE Wrprup. 2d_ ed Pp. 232; 22 
figs. Phila.: W. B. Saunders. 1949. Pric 


$3.50. 
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